FUNCTIONAL GROUPS -TERMINATED VINYL POLYMERS 

FIELD OF THE INVENTION 
The present invention relates to a crosslinking 
5 silyl-, alkenyl- or hydroxy-terminated vinyl polymer. More 
particularly, it relates to a vinyl polymer which has a 
narrow molecular weight distribution, hence is easy to 
handle . 

10 PRIOR ART 

Intramolecular crosslinking silyl group-containing 
vinyl polymers, in particular (me th ) acryl i c polymers, are 
used in weather-resistant paints utilizing the high weather 
resistance based on their main chain and crosslinking 
15 points. These (me th ) a cr y 1 i c polymers are generally 

produced by copo 1 yme r i z ing a crosslinking s i ly 1 -con t aining 
(me t h ) a cr y 1 i c monomer with one or more other monomers and 
therefore have crosslinking silyl groups at random 
positions in the molecular chain, hence they are difficult 
'liO to use as rubber-like materials. On the other hand, 

:Jf attempts have been made to produce (me th ) a cr y 1 i c polymers 

;~ having crosslinking silyl groups at molecular ends for use 

.Z: as sealants or adhesives . For producing (me th ) acr y 1 i c 

•7; polymers having terminal crosslinking silyl groups, 

"Jf5 Japanese Kokoku Publication He i - 0 3 - 1 4 0 6 8 , for instance, 

*;"**: discloses a method comprising polymerizing a (meth) acrylic 

monomer in the presence of a crosslinking silyl-containing 
me reap tan, a crosslinking silyl-containing disulfide and a 
::f crosslinking silyl-containing radical polymerization 

j^O initiator; Japanese Kokoku Publication Hei-04-55444 

discloses a method comprising polymerizing a acrylic 
]Z_ monomer in the presence of a crosslinking silyl-containing 

hydrosilane compound or a t e t r aha 1 o s i 1 ane ; and Japanese 
|5 * Kokai Publication He i - 0 6-2 1 1 9 2 2 describes a method for 

35 producing crosslinking s il yl-terminat ed (meth ) aery 1 i c 
polymers which comprises first synthesizing a hydroxy- 
terminated acrylic polymer by using a hydroxyl -con t aining 
polysulfide in a larger amount as compared with the 
initiator and then converting the hydroxyl groups. 
40 Meanwhile, it is known that al keny 1 -t e rminat ed 

polymers, when crosslinked by themselves or using a curing 
agent such as a hy dro s i 1 y 1 - c on t a i ning compound, give cured 
products excellent in heat resistance and durability. The 
main chain skeletons of such polymers include polyether 
45 polymers such as polyethylene oxide, polypropylene oxide 
and polytetramethylene oxide; hydrocarbon polymers such as 
poly butadiene , polyisoprene, polychloroprene, 

poly i sobutylene and hydrogenat ion products derived from 
these; polyester polymers such as polyethylene 

50 terephthalate , polybutylene t e rephthal at e and 

polycaprolactone; and polysiloxane polymers such as 
polydimethylsiloxane , among others. They are used in 



various applications according to the characteristics of 
the respective main chain skeletons. 

As compared with those polymers mentioned above which 
are obtained by ionic polymerization or condensation 
5 polymerization, alkenyl-terminated vinyl polymers 

obtainable by radical polymerization have scarcely been put 
to practical use. Among vinyl polymers, me t h ( a cr y 1 i c ) 

polymers have high weather resistance, transparency and 
other characteristics which the above-mentioned polyether 
10 polymers or polyester polymers cannot have. For example, 
vinyl polymers having alkenyl groups in side chains are 
used in paint compositions for obtaining high weather 
resistance . 

If alkenyl-terminated vinyl polymers could be 
15 obtained in a simple manner, cured products superior in 
physical characteristics to cured products from vinyl 
polymers having alkenyl groups in side chains could be 
obtained. Therefore, a large number of researchers have 
p made investigations in an attempt to establish a method of 

.^fp producing the same. It is not easy, however, to produce 
l£l them on a commercial scale. 

Si Japanese Kokai Publication He i - 0 1 - 2 4 7 4 0 3 discloses a 

p method for synthesizing vinyl polymers having alkenyl 

y groups on both ends which uses an alkenyl-containing 

A 5 disulfide as a chain transfer agent, and Japanese Kokai 
Sj Publication He i - 0 6™ 2 1 1 9 2 2 discloses a method for 

, synthesizing vinyl polymers having alkenyl groups on both 

q ends which comprises synthesizing a vinyl polymer having 

m hydroxyl groups on both ends using a hydr oxy 1 - con t a i n ing 

||p disulfide and then utilizing the reactivity of the hydroxyl 
1^ groups. By these methods, however, it is difficult to 

q introduce alkenyl groups at both ends without fail and it 

U is impossible to obtain cured products having satisfactory 

characteristics. For introducing alkenyl groups at both 
35 ends with certainty, it is necessary to use the chain 
transfer agent in large amounts, and this offers a problem 
from the production process viewpoint. Since, in these 
methods, ordinary radical polymer i z at ion techniques are 
used, it is difficult to control the molecular weight and 
40 molecular weight distribution (ratio of weight average 
molecular weight to number average molecular weight). 

It is also known that hydr oxy 1 - te rmi na ted polymers, 
when crosslinked using a compound having functional groups 
capable of reacting with a hydroxyl group, for example an 
45 isocyanate compound, as a curing agent, give cured products 
excellent in heat resistance and durability, among others. 

As the main chain skeletons of such hydroxyl- 
terminated polymers, there may be mentioned, as in the case 
of alkenyl-terminated polymers, polyether polymers such as 
50 polyethylene oxide, polypropylene oxide and 

polytet ramethylene oxide; hydrocarbon polymers such as 
polybutadiene , polyisoprene, poly ch lor oprene and 
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polyisobutylene and hydr ogenat i on products derived from 
these; and polyester polymers such as polyethylene 
terephthalate, polybutylene t e rephthal a t e and 

polycaprolactone, among others. Said polymers are used in 
5 various applications according to the main chain skeleton 
and mode of crosslinking thereof. 

Vinyl polymers, in particular ( me t h ) a cr y 1 i c polymers, 
have such characteristics that the above-mentioned 
polyether polymers, hydrocarbon polymers or polyester 
10 polymers cannot have, for example high weather resistance 
and transparency, and those having hydroxyl groups in side 
chains are utilized in weather-resistant paint 
compositions, for instance. 

If hydroxyl-terminated vinyl polymers could be 
15 obtained in a simple manner, cured products superior in 

physical characteristics to cured products from vinyl 
polymers having hydroxyl groups in side chains could be 
obtained. Therefore, a large number of researchers have 
n made investigations in an attempt to establish a method of 

■^0 producing the same. It is not easy, however, to produce 
irj them on a commercial scale. 

;~ Japanese Kokai Publication He i - 0 5 - 2 62 8 0 8 discloses a 

jS T method for synthesizing (meth) acrylic polymers having 

y hydroxyl groups at both ends which comprises using a 

;j£5 hydroxyl-containing disulfide as a chain transfer agent. 
•3 For introducing hydroxyl groups at both ends with 

certainty, it is necessary to use the chain transfer agent 
^ in large amounts as compared with the initiator, and this 

offers a problem from the production process viewpoint. 
:3p Japanese Kokoku Publication Hei-01-19402 discloses a method 
:^ for producing (meth) acrylic polymers having hydroxyl groups 

n at both ends which comprises using hydrogen peroxide as an 

It initiator. It is difficult, however, to introduce, by this 

method, hydroxyl groups at both ends with certainty. In 
35 fact, the method actually employed there comprises 

copolymeri zing a hydroxyl-containing vinyl monomer (e.g. 2- 
hydroxyethyl me thacry lat e ) . Further, Japanese Kokai 

Publication He i - 0 4 - 1 3 2 7 0 6 discloses a method for hydroxyl- 
terminated vinyl polymers which comprises producing a 
40 halogen-terminated (meth ) aery 1 i c polymer by polymerizing a 

(meth) acrylic monomer or monomers using a telogen such as 
methylene dibromide and reacting the terminal halogen atoms 
with a nucleophilic agent such as a diol compound, a 
hydroxyl-containing carboxylic acid, a hydroxyl-containing 
45 amine or the like for substitution. By this method, 
however, it is still difficult to achieve high-rate 
hydroxyl group introduction at both ends, since the chain 
transfer of the telogen is not sufficient. 

In addition, since the methods mentioned above all 
50 use ordinary radical polymerization techniques, the 
polymers ^ obtained have a broad molecular weight 
distribution (ratio of weight average molecular weight to 
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number average molecular weight) (generally not less than 
2) and therefore produce a high viscosity problem. The 
problem is that when the polymers are used in sealant or 
adhesive compositions, a high viscosity makes it difficult 
to handle the compositions on the occasion of application 
or makes it impossible to incorporate a large amount of 
fillers for reinforcement. 

Accordingly, it is a primary object of the present 
invention to solve the above problems and provide vinyl 
polymers which have a narrow molecular weight distribution 
and therefore are easy to handle. 

Recently, intensive studies have been made on living 
radical polymerization (see, for example, Ma t y j a s z ews ki et 
al., J. Am. Chem. Soc, 1995, 117, 5614, Macromolecules , 
1995, 28, 7901, Science, 1996, 272, 866; International 
Publication Patent WO96/30421 and W097/18247; Sawamoto et 
al., Macromolecules, 1995, 28, 1721) and it is now possible 
to obtain halogen- terminated vinyl polymers showing a 
narrow molecular weight distribution by utilizing this 
polymerization technique. The present inventors found that 
crosslinking silyl-, alkenyl- or hydroxyl-terminat ed vinyl 
polymers showing a narrow molecular weight distribution can 
be obtained by using this new living radical polymerization 
technique. Based on such findings, the present inventors 
have now completed the present invention. 

SUMMARY OF THE INVENTION 
The present invention consists in a vinyl polymer 
which has at least one terminal functional group per 
molecule and has a ratio of weight average molecular weight 
to number average molecular weight of less than 1.8 as 
determined by gel permeation chromatography, 

said terminal functional group being a crosslinking silyl 
group of the general formula (1) shown below, an alkenyl 
group of the general formula (2) shown below or a hydroxvl 
group : 

- [Si (R 1 ) 2-b(Y) b O] m -Si (R 2 ) 3 _ a (Y) a (1) 
wherein R 1 and R 2 each independently represents an alkyl 
group containing 1 to 20 carbon atoms, an aryl group 
containing 6 to 20 carbon atoms, an aralkyl group 
containing 7 to 20 carbon atoms or a t r i o r ganos i 1 oxy group 
of the formula (R') 3 SiO- ( R ' being a monovalent hydrocarbon 
residue containing 1 to 20 carbon atoms and the three R* 
groups being the same or different), provided that when a 
plurality of R or R 2 groups" occur, they may be the same or 
different; Y represents a hydroxyl group or a hydrolyzable 
group, provided that when a plurality of Y groups occur, 
they may be the same or different; a represents 0, 1, 2 or 
3, b represents 0, 1 or 2, and m represents an integer of 0 
to 19, provided that the condition a + mb 1 should be 
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satisfied; 

H 2 C=C(R 3 )- (2) 

3 

wherein R represents a hydrogen atom or a methyl group. 

5 BRIEF DESCRIPTION OF THE INVENTION 

The present invention consists in a vinyl polymer 
which has at least one terminal functional group per 
molecule and has a ratio of weight average molecular weight 
to number average molecular weight of less 1.8 as 
10 determined by gel permeation chromatography, said terminal 
functional group being a crosslinking silyl group of the 
general formula (1) shown below, an alkenyl group of the 
general formula (2) shown below or a hydroxyl group: 

- [Si (R 1 ) 2 _ b (Y) b O] m -Si (R 2 ) 3 _ a (Y) a (1) 
1 2 

15 wherein R and R each independently represents an alkyl 
group containing 1 to 20 carbon atoms, an aryl group 
containing 6 to 20 carbon atoms, an aralkyl group 
!□ containing 7 to 20 carbon atoms or a t r i o rgano s i 1 oxy group 

=0 of the formula (R T )3SiO- (R ? being a monovalent hydrocarbon 

Il2 0 residue containing 1 to 20 carbon atoms and the three R T 

Sj groups being the same or different), provided that when a 

rr; . 1 2 

l^: plurality of R or R groups occur, they may be the same or 

^ different; Y represents a hydroxyl group or a hydrolyzable 

group, provided that when a plurality of Y groups occur, 
they may be the same or different; a represents 0, 1, 2 or 

;L 3 r b represents 0, 1 or 2, and m represents an integer of 0 

to 19, provided that the condition a + mb 1 should be 

I s : satisfied; 

j~ H 2 C=C(R 3 )- (2) 

3 

|;|0 wherein R represents a hydrogen atom or a methyl group. 

The number of the crosslinking silyl groups of 
general formula (1), the alkenyl groups of general formula 
(2) or the hydroxyl groups is at least one, preferably 1.2 
to 4, per molecule. If said number is smaller than 1, the 

35 curable compositions containing said vinyl polymer may have 
poor curability. 

The vinyl polymer of the present invention is 
characterized in that the molecular weight distribution 
thereof, namely the ratio of weight average molecular 

40 weight (Mw) to number average molecular weight (Mn) , Mw/Mn, 
as determined by gel permeation chromatography (GPC) is 
narrow. The molecular weight distribution value is less 
than 1.8, preferably not more than 1.7, more preferably not 
more than 1.6, most preferably not more than 1.5, in 

45 particular not more than 1.4, and most desirably not more 
than 1.3. In the practice of the present invention, the 
GPC measurement is not limited to any particular technique 
but, generally, it is performed on a polystyrene gel column 
using chloroform as a mobile phase. The number average 
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molecular weight, for instance, can be determined as a 
polystyrene equivalent. 

The number average molecular weight of the vinyl 
polymer of the present invention is not critical but is 
5 preferably within the range of 500 to 100,000, more 

preferably within the range of 3,000 to 50,000. When said 
molecular weight is less than 500, the characteristics 
intrinsic to a vinyl polymer cannot be expressed whereas a 
molecular weight exceeding 100,000 makes handling 
10 difficult. 

The vinyl monomer usable in the production of the 
main chain of the vinyl polymer of the present invention is 
not limited to any particular species but includes various 
monomers, for example (meth) acrylic acid monomers such as 
15 (meth) acrylic acid, methyl (meth) acrylate , ethyl 

(meth) acrylate , n-propyl (meth) acrylate f isopropyl 

(meth) acrylate, n-butyl ( me t h ) ac r y 1 a t e , isobutyl 

(meth) acrylate, tert-butyl (meth) acrylate, n-pentyl 

13 (meth) acrylate, n-hexyl (meth) acrylate , cyclohexyl 

JjO (meth) acrylate, n-heptyl (meth ) acrylate , n-octyl 

in (meth) acrylate, 2-ethylhexyl (meth) acrylate, nonyl 

Hj (meth) acrylate, decyl (me th ) a cryl a t e , dodecyl 

q (meth) acrylate, phenyl ( me t h ) a c r y 1 a t e , toluyl 

fii (meth ) acrylate , benzyl (me th ) a cr y 1 a t e , 2 -me t hox y e t hy 1 

J§5 (meth ) acrylate , 3 -me thoxybut y 1 (meth) acrylate , 2- 

-4 hydroxyethyl (meth) acrylate, 2-hydroxypropyl 

(meth) acrylate, stearyl ( me t h ) acr y 1 a t e , ■ glycidyl 

□ (meth) acrylate, 2-aminoethyl (meth ) acr ylate , 

yi (methacryloyloxypropyl ) t r ime thoxy s i 1 ane , (meth) acrylic 

l|P acid-ethylene oxide adducts, t ri f luorome thylme thyl 

(meth) acrylate, 2 - 1 r i f 1 uor ome t hy 1 e t hy 1 (meth) acrylate, 2- 
p perfluoroethylethyl (meth) acrylate, 2-perf luoroethyl-2- 

per f luorobutylethyl (meth) acrylate, 2-perf luoroethyl 

(meth) acrylate, per f luorome thy 1 (meth) acrylate, 

35 diperf luoromethylmethyl (meth) acrylate, 2-perf luoromethyl- 
2-perf luoroethylethyl (meth) acrylate, 2-perf 1 uo r ohexy 1 e t hy 1 
(meth) acrylate, 2-perf luorodecylethyl (me t h ) a cr y 1 a t e and 2- 
perf luorohexadecylethyl (meth) acrylate; styrenic monomers 
such as styrene, vinyl to luene , a-methyl s tyrene , 

40 chloros tyrene , s tyrenesul f onic acid and salts thereof; 

fluorine-containing vinyl monomers such as 

perfluoroethylene, perf luoropropylene and vinyl i dene 
fluoride; s i 1 i c on - con t a i n i n g vinyl monomers such as 
vinyltrimethoxysilane and v inyl t r i e thoxy s i 1 ane ; maleic 
45 anhydride, maleic acid, maleic acid monoalkyl esters and 
dialkyl esters; fumaric acid, fumaric acid monoalkyl esters 
and dialkyl esters; maleimide monomers such as maleimide, 
methylmaleimide, e thy lma 1 e imide , propylmaleimide , 

butylmaleimide, hexylma le imide , octylmal e imide , 

50 dode cy lma le imide, s tearylmale imide , phe ny lma 1 e imide and 
cyclohexylmaleimide; nitrile-containing vinyl monomers such 
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as acrylonitrile and methacrylonitrile; ami do -containing 
vinyl monomers such as acrylamide and me tha cr y 1 ami de ; vinyl 
esters such as vinyl acetate, vinyl propionate, vinyl 
pivalate, vinyl benzoate and vinyl cinnamate; alkenes such 
5 as ethylene and propylene; conjugated dienes such as 
butadiene and isoprene; vinyl chloride, vinylidene 
chloride, allyl chloride, allyl alcohol, etc. These may be 
used alone or a plurality thereof may be copol ymer i zed . 
From the viewpoint of physical properties of products, 

10 styrenic monomers and (meth) acrylic monomers are preferred. 
More preferred are acrylic acid ester monomers and 
methacrylic acid ester monomers, and particularly preferred 
is butyl acrylate. In the practice of the present 
invention, these preferred monomers may be copolymer ized 

15 with another or other monomers and, on that occasion, said 
preferred monomers preferably account for at least 40% by 
weight* The term " (meth) acrylic acid" or the like as used 
herein means acrylic acid and/or methacrylic acid. 
=~j The hydrolyzable group represented by Y in formula 

^gO (1) in the crosslinking s i 1 y 1 - t e rmina t ed polymer is not 

In limited to any particular species but includes those 

already known in the art, for example hydrogen, halogen, 
i=i alkoxy, acyloxy, ketoxymato, amino, amido, aminoxy, 

= 7| mercapto and alkenyloxy. Alkoxy groups are particularly 

['Mb preferred since they have mild hydr o ly zab i 1 i t y and 
-[i therefore are easy to handle. Each silicon atom may have 

one to three such hydrolyzable groups or hydroxyl groups 
h : 3 and the sum a + mb , namely the sum total of hydrolyzable 

HI groups is preferably within the range of 1 to 5 . When the 

j 30 crosslinking silyl group contains two or more hydrolyzable 
i'2 groups and hydroxyl groups, these groups may be the same or 

]~ different. The crosslinking silyl group may comprise one 

11 or more silicon atoms as constituents thereof and, when 
silicon atoms are linked via siloxane bonding, the number 

35 of such silicon atoms may be up to about 20. 

The alkenyl group of general formula (2) in the 
alkenyl-terminated polymer is now described in further 
detail. First, there may be mentioned alkenyl groups of 
the general formula (3) , which are bound to the main chain 

40 via a hydrocarbon group: 

H 2 C=C (R 4 ) -R 5 - (3) 

4 5 
wherein R is as defined above and R represents a direct 

bond, an alkylene group containing 1 to 20 carbon atoms, an 

arylene group containing 6 to 20 carbon atoms or an 

45 aralkylene group containing 7 to 20 carbon atoms and may 

containing one or more ether bonds. 

5 

Specific examples of R other than a direct bond 
include, but are not limited to, 
- (CH2) n - (n being an integer of 1 to 20) , 
50 -CH (CH 3 ) CE 2 ~ r -CH (CH 3 ) (CH 2 ) 2 ~ , -CH 2 CH ( CH 3 ) - , -C(CH 3 ) 2 -, 
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( CH 2 ) n ~0- ( CH 2 ) m - (n and m each independently being an 
integer of 1 to 20 on condition that n + m 2 0), 
o-, m-, p-C 5 H 4 , o-, m-, p- ( CH 2 ) n -C 6 H 4 - { CH 2 ) m - (n and m each 
independently being an integer of 0 to 14 on condition that 
5 n + in 14), and the like. 

The alkenyl group of general formula (2) further 
includes alkenyl groups of the general formula (4) which 
are bound to the main chain via an ether bond, alkenyl 
groups of the general formula (5) or (6) which are bound to 
10 the main chain via an ester bond and, further, alkenyl 
groups of the general formula (7) which are bound to the 
main chain via a carbonate group: 
H 2 C=C(R 4 )-R 5 -0- (4) 

H 2 C=C (R 4 ) -R 5 -0C (0) - (5) 
15 H 2 C=C (R 4 ) -R 5 -C(0)0- (6) 

H 2 C=C (R 4 ) -R 5 -0C (O) O- (7) 
□ wherein R and R are as defined above. As specific 

0 examples of R , those specifically mentioned hereinabove 

^ all can suitably be used. 

3° Now, more detailed mention is made of the hydroxyl 

J group contained in the hydroxy-terminated polymer of the 

s y invention. First, there may be mentioned a hydroxyl group 

|J bound to the main chain via a hydrocarbon group, as 

M represented by the general formula (8): 

25 HO-R 6 - (8) 

"1 6 

"Z wherein R represents a direct bond, an alkylene group 

~ d containing 1 to 20 carbon atoms, an arylene group 

~ containing 6 to 20 carbon atoms or an aralkylene group 
containing 7 to 20 carbon atoms and may contain one or more 

=30 ether bonds . 

Specific examples of R 6 other than a direct bond 
include, but are not limited to, 
-(CH 2 ) n - (n being an integer of 1 to 20), 

-CH(CH 3 )CH 2 -, -CH(CH 3 ) (CH 2 ) 2 -, -CH 2 CH ( CH 3 ) - , -C(CH 3 ) 2 -, - 
35 (CH 2 ) n -0- (CH 2 ) m - (n and m each independently being an 
integer of 1 to 20 on condition that n + m 2 0), 
-CH(C 6 H 5 )-, -C(CH 3 ) (C 5 H 5 ) -, o-, m-, p-C 6 H 4 , o - , m- , p- 
(CH 2 ) n -C 6 H 4 - (CH 2 ) m - (n and m each independently being an 
integer of 0 to 14 on condition that n + m 14), and the 
40 like . 

As other examples of the terminal hydroxyl group, 
there may be mentioned a hydroxyl group bound to the main 
chain via an ether bond, as represented by the general 
formula (9), a hydroxyl group bound to the main chain via 
45 an ester bond, as represented by the general formula (10) 
or (11) and, further, a hydroxyl group bound to the main 
chain via a carbonate bond, as represented by the general 



formula ( 12 ) : 

HO-R 7 -0- (9) 

HO-R 7 ~OC(0)- (10) 

HO-R 7 -C (0) O- (11) 

HO-R 7 -OC (O) O- (12) 
7 

wherein R represents an alkylene group containing 1 to 20 
carbon atoms, an arylene group containing 6 to 20 carbon 
atoms or an aralkylene group containing 7 to 20 carbon 

atoms and may contain one or more ether bonds. As 

7 

preferred specific examples of R , there may be mentioned 
those mentioned above as specific examples of R (exclusive 
of a direct bond) . 

Polymer main chain synthesis 

The main chain of the vinyl polymer of the present 
invention is preferably, but is not limited to, one 
produced by living radical polymerization. 

Living radical polymerization is the radical 
polymerization in which the polymer terminus retains its 
activity without losing it. In a narrow sense of the term, 
living polymerization means the polymerization in which the 
terminus always retain its activity but, generally, the 
term also include the pseudo-living polymerization in which 
the inactivated termini and activated termini are in an 
equilibrium state. The latter definition is applied in the 
present invention. In recent years, various groups have 
been engaged in extensive studies of living radical 
polymerization. As examples, there may be mentioned the 
use of a cobal t-porphyrin complex (J. Am. Chem. Soc. , 1994, 

116, 7943), the use .of a radical scavenger such as a 
nitroxide compound (Macromolecules , 1994, 27, 7228), and 
atom transfer radical polymerization using an organoha 1 ogen 
compounds or the like as an initiator and a transition 
metal complex as a catalyst. In the practice of the 
present invention, there is no particular limitation as to 
which of these techniques should be employed. In view of 
the ease of control, among others, the technique of atom 
transfer radical polymerization is preferred. The atom 
transfer radical polymerization is carried out using an 
organohalogen compound, a halogenated sulfonyl compound or 
the like as an initiator and a metal complex containing a 
transition metal as the central atom as a catalyst. (See, 
for example, Ma t y j as zews ki et al., J. Am. Chem. Soc, 1995, 

117, 5614, Macromolecules, 19 9 5,. 28 , 7 901, Science, 1996, 
272, 866; International Publication Patent WO96/30421 and 
W097/18247; Sawamoto et al., Macromolecules, 1995, 28, 
1721) . When these techniques are employed, despite the 
fact that the rate of polymerization is generally high and 
that the reaction involved is radical polymerization which 
tends to allow termination reactions such as coupling of 
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radicals with each other, the polymerization proceeds in a 
living manner, giving polymers with a narrow molecular 
weight distribution (i.e. a Mw/Mn ratio of about 1.1 to 
1.5), and the molecular weight can be controlled 
5 arbitrarily by selecting the monomer/initiator charge 
rati o . 

In carrying out said atom transfer radical 
polymerization, the use of an organoha 1 o gen compound, in 
particular an organohalogen compound having a highly 
10 reactive carbon-halogen bond (e.g. an ester compound having 
a halogen at the a-position, or a compound having a halogen 
at the benzyl position) or a halogenated sulfonyl compound 
as an initiator is preferred. 

The transition metal complex to be used as a catalyst 
15 in the above living radical polymerization is not limited 
to any particular species but includes, as preferred 
species, group 7, 8, 9, 10 or 11 transition metal 
complexes, more preferably complexes of copper (0) , 
i-| copper ( I ) , ruthenium (II), iron (II ) or nickel (II). Among 

;f|20 these, copper complexes are preferred. Specific examples 
it% of the copper (I) compound are cuprous chloride, cuprous 

^Jj bromide, cuprous iodide, cuprous cyanide, cuprous oxide and 

;4 cuprous perchlorate. When a copper compound is used, a 

l7i ligand such as 2 , 2 1 -bipyr idy 1 or a derivative thereof, 

^25 1 , 1 0 -phenant hr o 1 ine or a derivative thereof, tetramethyl- 
Cf e thy lenedi amine , pent amethyldie thy lenetriamine , 

hexame thyl t r i s ( 2-aminoethyl ) amine or the like polyamine is 
^ added for increasing the catalyst activity. Rutheni um ( I I ) 

Hi chloride-tris tr ipheny Iphosphine complex ( RuC 1 2 ( PPh 3 ) 3 ) is 

hj30 also suited as a catalyst. In cases where a ruthenium 
y~ compound is used as a catalyst, an aluminum alkoxide is 

fl added as an activator. Further, a bi s tr ipheny Ipho sphine 

|^ complex of iron (II) ( FeC 1 2 ( P Ph 3 ) 2 ) r a bi s tri phenylpho sphine 

complex of nickel(II) ( N i CI 2 ( PPh 3 ) 2 ) and a 

35 bistributylphosphine complex of nickel (II) ( N i B r 2 ( PB113 ) 2 ) 
are also suited as catalysts. 

In carrying out this polymerization method, an 
organohalogen compound or a halogenated sulfonyl compound 
is generally used as an initiator. Specific examples are 

40 C 6 H 5 -CH 2 X, C 6 H 5 -C (H) (X) CH 3 , C 6 H 5 - C ( X ) ( CH 3 ) 2 (wherein C 6 H 5 is 
a phenyl group and X is a chlorine, bromine or iodine 
atom); R 8 -C(H) (X)-C0 2 R 9 , R 8 ~C(CH 3 ) (X)-C0 2 R 9 , R 8 -C(H) (X)- 
C(0)R 9 , R 8 -C (CH 3 ) (X) -C (0) R 9 (wherein R 8 and R 9 are the same 
or different and each is a hydrogen atom or an alkyl, aryl 

45 or aralkyl group containing up to 20 carbon atoms and X is 

a chlorine, bromine or iodine atom); and R -C6H4-SO2X 
(wherein R is a hydrogen atom or an alkyl, aryl or aralkyl 
group containing up to 20 carbon atoms and X is a chlorine, 
bromine or iodine atom) . 
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For producing polymers having two or more terminal 
structures of the present invention per molecule, the use 
of an organohalogen compound or halogenated sulfonyl 
compound having two or more initiation sites is preferred 
as an initiator. Specific examples are 
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o,m,p- X CH 2 — C 6 H 4 — CH 2 X 

CH 3 CH 3 

o,m,p- X — CH 2 — C 6 H 4 -CH 2 --X (i ~ 2) 

CH 3 CH 3 

o,m,p- X CH 2 — C 6 H 4 — CH 2 — X (i-3) 

CH 3 CH 3 

X C (CH 2 ) n -C X 

C0 2 R C0 2 R 



pH 3 CH 3 



(i-4) 



(i-5) 



X j (CH2) n — C X 

CO z R C0 2 R 

1 1 

X — C (CH 2 ) n -C X (i-e) 

COR COR 
CH 3 CH 3 

X ~ C (CH 2 ) n -C X (i- 7 ) 

COR COR 
X— CH 2 -C-CH 2 — X 

Jl (i-8) 
O 

X— CH— C — CH — X 

I II I 
CH 3 O CH 3 



(i-9) 



C e H 5 C 6 H S 

X CH — (CH 2 ) n — CH — X Ci-10) 
CH 3 CH 3 

CH 3 O CH 3 



(i-11) 
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8 0 
II II 

X — CH 2 -C— 0— (CHaV-O— C— CH Z — X (i-12) 

r f ? r f 

X CH — C— O— (CH 2 ) n -0— C— CH X (i"13) 

Ft I f 8 

x — c C— O— (CH 2 ) n -0— C— C X (i-14) 

CH 3 CH 3 

X — CH 2 -~C C CH 2 — * 

II II (i-15) 
O O 
CH 3 CH 3 

X CH C C CH X (i-16) 

O O 
CH 3 CH 3 



X CH C c— CH— X (i-17) 

CH 3 O O CH 3 

Jj o 

o,m,p- X CH 2 -C-0— C e H 4 -— O— C— CH 2 — X (i " 18) 



°' m 'P" X — CH — C — O — C e H 4 — 0 — C — CH X 



V 3 i f ? H3 

o,m,p- X C C—0— C B H 4 O— C— C X 

I | (i-20) 

CH 3 CHg 

o,m,p- x SO 2 —C 6 H 4 -S02— X (i- 21 ) 

and the like. 
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The vinyl monomer to be used in this polymerization 
is not limited to any particular species but includes those 
already mentioned hereinabove as suitable species. 

This polymerization can be carried out in the absence 
5 of a solvent or in various solvents. As the solvents, 
there may be mentioned hydrocarbon solvents such as benzene 
and toluene; ether solvents such as diethyl ether, 
. tetrahydrofuran, diphenyl ether, anisole and 

dime thoxyben zene ; halogenated hydrocarbon solvents such as 
10 methylene chloride, chloroform and chlorobenzene; ketone 
solvents such as acetone, methyl ethyl ketone and methyl 
isobutyl ketone; alcohol solvents such as methanol, 
ethanol, propanoic isopropanol, n-butyl alcohol and tert- 
butyl alcohol; nitrile solvents such as acetonitrile, 
15 propionitrile and benzonitrile; ester solvents such as 
ethyl acetate and butyl acetate; carbonate solvents such as 
ethylene carbonate and propylene carbonate; and the like. 
These may be used singly or two or more of them may be used 
in admixture. The polymerization can also be carried out 
^20 in an emulsion system or in a system to use the 

supercritical fluid CO2 as a medium. 
"3 This polymerization can be carried out within the 

temperature range from room temperature to 200 , preferably 
s : = within the range of 50 to 150. 

Itf 5 

Hi Introduction of terminal functional groups 

. " The method for introducing crosslinking silyl groups, 

13 alkenyl groups or hydroxyl groups into the polymer at the 

ifl ends thereof is not critical. There can be mentioned the 

i'j*0 use of an or ganohalogen compound or halogenated sulfonyl 
i2 compound having a functional group other than the 

j=g functional group serving to initiate the polymerization as 

i~2 an initiator for atom transfer radical polymerization, the 

conversion of the terminal halogen or other functional 
35 groups of the polymer, or the combined use of these. 

When, in the atom transfer radical polymerization, an 
organohalogen compound or halogenated sulfonyl compound 
having a function group other than the functional group 
serving to initiate the polymerization is used, a vinyl 
40 polymer having said functional group at one end and the 
halogen at the other end can be obtained. By converting 
the halogen at the termination end of the thus-obtained 
polymer to a desired functional group, it is possible to 
obtain a vinyl polymer having functional groups at both 
45 ends. For realizing such conversion, the methods mentioned 
later herein can be used. The vinyl polymer having 

functional groups at both ends can also be obtained by 
using a compound having a total of two or more functional 
groups which may be the same or different with each other 
50 and which are capable of substituting for the terminal 
halogen of said polymer to thereby causing coupling of two 
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or more halogen termini together. This compound for 

coupling is not limited to any particular species but 
include, as preferred species, polyols, polyamines, 
polycarboxy 1 ic acids, polythiols, salts of these, alkali 
5 metal sulfides and the like. 

Referring to the functional group-containing 
o r ganoha 1 ogen or halogenated sulfonyl compound mentioned 
. above, the functional group includes, amontj others, 
alkenyl, crosslinking silyl, hydroxyl, epoxy, amino and 
10 amido groups. 

The alkenyl-containing organohalogen compound 

includes, but is not limited to, compounds having the 
structure represented by the general formula (13) : 

1011 12 13 3 

R R C (X) -R -R -C { R ) = CH 2 (13) 

15 wherein R 3 is hydrogen or methyl, R 10 and R 11 each is 
hydrogen or a monovalent alkyl, aryl or aralkyl group 
containing up to 20 carbon atoms or combinedly represent a 

divalent group derived from two such groups by mutual 

1 2 

ligation at respective other ends, R is -C(0)0- (ester 

1 3 

20 group) , -C(O)- (keto group) or o-, m- or p-phenylene, R 

is a direct bond or a divalent organic group containing 1 
to 20 carbon atoms which may optionally contain one or more 
ether bonds, and X is chlorine, bromine or iodine, for 
instance . 

25 As specific examples of the substituents R 10 and R 11 , 

there may be mentioned hydrogen, methyl, ethyl, n-propyl, 
isopropyl, butyl, pentyl and hexyl . R 1 ° and R 11 may form a 
ring skeleton resulting from mutual ligation at respective 
other ends „ 

30 As specific examples of the alkenyl-containing 

organohalogen compound of general formula (13), there may 
be mentioned 

XCH 2 C (0)0 (CH 2 ) n CH-CH 2 , 

H 3 CC(H) (X) C (0) 0 (CH 2 ) n CH=CH 2 , 

35 (H 3 C) 2 C(X)C(0)0 (CH 2 ) n CH=CH 2 , 

CH 3 CH 2 C (H) (X)C(0)0(CH 2 ) n CH-CH 2 , 




'C0 2 (CH2) n CH==CH 2 



X 



(in each of the above formulas, X is chlorine, bromine or 
40 iodine and n is an integer of 0 to 20), 

XCH 2 C (O) O (CH 2 ) n 0 (CH 2 ) m CH = CH 2 , 

H 3 CC (H) (X) C (O) O (CH 2 ) n 0 ( C H 2 ) m CH = CH 2 , 
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(H 3 C) 2 C (X) C (0) 0 (CH 2 ) riO ( CH 2 } ra CH = CH 2 , 
CH 3 CH 2 C (H) (X) C (O) O (CH 2 ) n 0 (CH 2 ) m CH=CH 2/ 



X0 2 (CH 2 )nO-(CH 2 ) m CH=CH 2 

X 

5 (in each of the above formulas, X is chlorine, bromine or 

iodine, n is an integer of 1 to 20, and m is an integer of 
0 to 20 } , 

o, m, p-XCH 2 ~C 6 H 4 ~ (CH 2 ) n -CH=CH 2 , 
o, m, p-CH 3 C(H) (X) -C 6 H 4 - (CH 2 ) n ~CH=CH 2 , 
10 o, m, p-CH 3 CH 2 C (H) (X) ~C 6 H 4 - (CH 2 ) n -CH=CH 2 , 

(in each of the above formulas, X is chlorine, bromine or 
iodine and n is an integer of 0 to 20) , 

o, m, p~XCH 2 -C 6 H 4 - (CH 2 ) n -0- ( CH 2 ) m -CH = CH 2 , 
o, m, p-CH 3 C(H) (X) -C 6 H 4 - (CH 2 ) n -0- (CH 2 ) m -CH = CH 2 , 
15 o, m, p-CH 3 CH 2 C(H) ( X ) - C 6 H 4 - ( C H 2 ) n -0- ( CH 2 ) m CH = CH 2 , 

(in each of the above formulas, X is chlorine, bromine or 
iodine, n is an integer of 1 to 20, and m is an integer of 
0 to 20 ) , 

O, m, p-XCH 2 -C 6 H 4 -0- (CH 2 ) n -CH=CH 2 , 
20 O, m, p-CH 3 C (H) (X) -C 6 H 4 -0- (CH 2 ) n -CH = CH 2 / 

o, m, p-CH 3 CH 2 C(H) ( X ) - C 6 H 4 - O - ( CH 2 ) n - CH=CH 2 , 

(in each of the above formulas, X is chlorine, bromine or 
iodine and n is an integer of 0 to 20) , 

o, m, p-XCH 2 -C 6 H 4 -0-(CH 2 ) n -0- ( CH 2 ) m -CH=CH 2 , 
25 O, m, p-CH 3 C(H) (X) -C 6 H 4 -0- (CH 2 ) n -0- ( C H 2 ) m ~ CH = CH 2 , 

o, m, p-CH 3 CH 2 C(H) ( X ) - C 6 H 4 -O- ( CH 2 ) n -0- ( CH 2 ) m ~CH=CH 2 , 
(in each of the above formulas, X is chlorine, bromine or 
iodine, n is an integer of 1 to 20, and m is an integer of 
0 to 20 ) . 

30 As further examples of the alkenyl-containing 

organohalogen compound, there may be mentioned compounds of 
general formula (14) : 

H 2 C=C (R 3 ) -R 13 -C (R 10 ) (X)-R 14 -R 11 (14) 
wherein R 3 , R 10 , R 11 , R 13 and X are as defined above and R 14 
35 represents a direct bond, -C{0)0- (ester bond), -C(O)- 
(keto bond) or o-, m- or p-phenylene . 
1 3 

R is a direct bond or an divalent organic group 
containing 1 to 20 carbon atoms (which may contain one or 
more ether bonds) . When it is a direct bond, the vinyl 
40 group is bound to the halogen-carrying carbon atom, forming 
a halogenated allyl compound. In that case, the carbon- 
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halogen bond is activated by the adjacent vinyl group and 

1 4 

therefore the C(0)0 or phenylene group as R is not always 

necessary but a direct bond may suffice. In cases where 
1 3 

R is other than a direct bond, the occurrence of a C(0)0, 

1 4 

5 C(0) or phenylene group as R is preferred for the 
activation of the carbon-halogen bond. 

Specific examples of the compound of general formula 

(14) are: 

CH 2 =CHCH 2 X, CH 2 -C (CH 3 ) CH 2 X, CH 2 =CHC(H) (X)CH 3/ 

10 CH 2 -C (CH 3 ) C (H) (X)CH 3 , CH 2 =CHC(X) <CH 3 ) 2 , CH 2 =CHC(H) (X)C 2 H 5 , 

CH 2 =CHC(H) <X)CH(CH 3 ) 2 , CH 2 =CHC(H) (X)C 6 H 5/ 

CH 2 =CHC(H) (X)CH 2 C 6 H 5/ CH 2 =CHCH 2 C ( H ) (X)-C0 2 R, 

CH 2 = CH (CH 2 ) 2 C (H) (X)-C0 2 R, CH 2 =CH (CH 2 ) 3 C (H) (X)-C0 2 R, 

CH 2 -CH (CH 2 ) 8 C (H) (X)-C0 2 R, CH 2 =CHCH 2 C ( H ) (X)-C 6 H 5 , 

15 CH 2 =CH(CH 2 ) 2 C(H) (X)-C 6 H 5 , and CH 2 =CH ( CH 2 ) 3 C ( H ) (X)-C 6 H 5 , 

(in each of the above formulas, X is chlorine, bromine or 
iodine, and R is an alkyl, aryl or aralkyl group containing 
up to 20 carbon atoms) . 

Specific examples of the a 1 keny 1 - cont a i ni ng 
20 halogenated sulfonyl compound are; 

o- , m-, p-CH 2 = CH- (CH 2 ) n -C 6 H 4 -S0 2 X, 
O-, m- , p-CH 2 ==CH-(CH 2 ) n -0-C 6 H 4 -S0 2 X, 

(in each of the above formulas, X is chlorine, bromine or 
iodine, and n is an integer of 0 to 20), and the like. 
25 The crosslinking s i 1 y 1 - cont a ining o r ganoha 1 o gen 

compound is not limited to any particular species but 
includes, among others, compounds having the structure of 
the general formula (15) : 
1011 12 13 3 

RRC (X) -R-R-C (H) (R J )CH 2 - 

30 [Si (R 15 ) 2 _ b (Y) b O] m -Si (R 16 ) 3 -a(Y) a (15) 

3 10 11 12 13 

wherein R , R , R , R , R and X are as defined above, 
15 16 

R and R each represents an alkyl, aryl or aralkyl group 

containing up to 20 carbon atoms or a t r i or gano s i 1 oxy group 

of the formula (R T )3SiO- (i n which R' is a monovalent 

35 hydrocarbon group containing 1 to 20 carbon atoms and the 

three R 1 groups may be the same or different) and when two 
9 10 

or more R or R groups coccur, they may be the same or 
different; Y represents a hydroxyl group or a hydrolyzable 
group and when two ore more Y groups occur, they may be the 
40 same or different; a represents 0, 1, 2 or 3, b represents 
0, 1 or 2, and m represents an integer of 0 to 19, provided 
that the condition a + mb 1 should be satisfied. 

Specific examples of the compound of general formula 

(15) are: 

45 XCH 2 C (O) O (CH 2 ) n Si (OCH 3 ) 3 , 

CH 3 C(H) (X)C(0)0(CH 2 ) n Si (OCH 3 ) 3/ 
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(CH 3 ) 2 C (X) C (0) O (CH 2 ) n Si (0CH 3 ) 3, 
XCH 2 C (0) 0 (CH 2 ) n Si (CH 3 ) (OCH 3 ) 2 , 
CH 3 C(H) (X)C(0)0(CH 2 ) n Si (CH 3 ) (OCH 3 ) 2 , 
(CH 3 ) 2 C (X) C (O) O (CH 2 ) n Si (CH 3 ) (OCH 3 ) 2 , 
5 (in each of the above formula, X is chlorine, bromine or 
iodine, and n is an integer of 0 to 20), 

XCH 2 C (O) O (CH 2 ) n 0 (CH 2 ) m Si (OCH3) 3, 

H 3 CC (H) (X) C (O) 0 (CH 2 ) n O (CH 2 ) m Si (OCH3) 3, 

(H 3 C) 2 C (X) C (O) O (CH 2 ) n O (CH 2 ) m Si (OCH3) 3, 
10 CH 3 CH 2 C(H) (X) C (O) O (CH 2 ) n 0 (CH 2 ) rn Si (OCH3) 3( 

XCH 2 C (O) 0(CH 2 ) n O(CH 2 ) m Si (CH 3 ) (OCH 3 ) 2, 

H 3 CC(H) (X)C(0)0(CH 2 ) n O(CH 2 ) m -Si (CH 3 ) (OCH 3 ) 2 , 

(H 3 C) 2 C (X) C (0) O (CH 2 ) n O (CH 2 ) m -Si (CH 3 ) (OCH 3 ) 2 , 

CH 3 CH 2 C(H) (X) C (0) 0 (CH 2 ) n 0 (CH 2 ) m -Si (CH 3 ) (OCH 3 ) 2 , 
15 (in each of the above formula, X is chlorine, bromine or 

1 iodine, n is an integer of 1 to 20, and m is an integer of 

0 to 20 ) , 





0 f 


m, 


P 


-XCH 2 -C 6 H 4 - 


(CH 2 ) 2 Si (OCH3) 3/ 




0 f 


m f 


P 


-CH3C (H) (X) 


-C 6 H 4 ~ (CH 2 ) 2 Si (OCH 3 ) 3/ 




0 j 


m , 


P 


-CH 3 CH 2 C (H) 


(X) -C 6 H 4 - (CH 2 ) 2 Si (OCH3) 3/ 




0 , 


m r 


P 


-XCH 2 -C 6 H 4 - 


(CH 2 ) 3 Si (OCH3) 3, 




0 f 


m , 


P 


-CH 3 C (H) (X) 


-C 6 H 4 - (CH 2 ) 3 Si (OCH3) 3f 




0 f 


m f 


P 


-CH 3 CH 2 C (H) 


(X) -C 6 H 4 - (CH 2 ) 3 Si (OCH3) 3, 




O , 


m r 


P 


-XCH 2 -C 6 H 4 - 


(CH 2 ) 2-0- (CH 2 ) 3 Si (OCH3) 3, 




O f 


m f 


P 


-CH 3 C (H) (X) 


-C 6 H 4 - (CH 2 ) 2-O- (CH 2 ) 3 Si (OCH3) 3/ 




O r 


m , 


P 


-CH 3 CH 2 C (H) 


(X) -C 6 H 4 - (CH 2 ) 2 -0- (CH 2 ) 3 Si (OCH 3 ) 3, 




° r 


m , 


P 


-XCH 2 -C 6 H 4 - 


0- (CH 2 ) 3 Si (OCH3) 3/ 




O r 


m , 


P 


-CH 3 C (H) (X) 


-C 6 H 4 -0- (CH 2 ) 3 Si (OCH3) 3 , 




O , 


m , 


P 


-CH 3 CH 2 C (H) 


(X) -C 6 H 4 -0- (CH 2 ) 3 Si (0CH 3 ) 3/ 


30 


O r 


m f 


P 


-XCH 2 -C 6 H 4 - 


0- (CH 2 ) 2-O- (CH 2 ) 3 Si (OCH3) 3, 




O , 


m , 


P 


-CH 3 C (H) (X) 


-C 5 H 4 -0- (CH 2 ) 2-0- (CH 2 ) 3 Si (OCH3) 3 , 




O f 


m, 


P 


-CH 3 CH 2 C (H) 


(X)-C 6 H 4 -0- (CH 2 ) 2 -0-(CH 2 ) 3 Si (0CH 3 ) 



(in each of the above formulas, X is chlorine, bromine or 
iodine), and the like. 
35 As further examples of the crosslinking silyl- 

containing o rganoha 1 o gen compound mentioned above, there 
may be mentioned compounds of the general formula (16): 
(R 16 ) 3-a (Y) a Si- [OSi (R 15 ) 2 _ b (Y) b ] m - 

CH 2 -C(H) (R 3 ) -R 13 -C (R 10 ) (X)-R 14 -R X1 (16) 
40 wherein R 3 , R 10 , R 11 , R 13 , R 14 , r 15 , r 16 , a , b, m, X and Y 
are as defined above. 

Specific examples of such compounds are: 
(CH 3 0) 3 SiCH 2 CH 2 C (H) (X)C 6 H 5 , 
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(CH 3 0) 2 (CH 3 ) SiCH 2 CH 2 C (H) (X) C 6 H 5 , 
(CH 3 0) 3 Si (CH 2 ) 2 C (H) (X)~C0 2 R, 
(CH3O) 2 (CH 3 ) Si (CH 2 ) 2 C (H) (X) -C0 2 R ; 
(CH3O) 3 Si (CH 2 ) 3 C (H) (X)-C0 2 R, 
5 (CH3O) 2 (CH 2 ) Si (CH 2 ) 3 C (H) (X)-C0 2 R, 

(CH 3 0) 3 Si (CH 2 ) 4 C (H) (X)~C0 2 R, 
(CH3O) 2 (CH 3 ) Si (CH 2 ) 4 C (H) (X)-C0 2 R, 
(CH3O) 3 Si (CH 2 ) 9C (H) (X)-C0 2 R, 
(CH3O) 2 (CH 3 ) Si (CH 2 ) 9 C (H) (X) -C0 2 R, 
10 (CH3O) 3 Si (CH 2 ) 3 C (H) (X)-C 6 H 5 , 

(CH 3 0) 2 (CH 3 ) Si (CH 2 ) 3 C (H) (X) -C 6 H 5 , 
(CH 3 0) 3 Si (CH 2 ) 4 C (H) (X)-C 6 H 5 , 
(CH 3 0) 2 (CH 3 ) Si (CH 2 ) 4 C (H) (X) -C 6 H 5 , 

(in each of the above formulas, X is chlorine/ bromine or 
15 iodine, and R is an alkyl, aryl or aralkyl group containing 
up to 20 carbon atoms), and the like. 

The hydroxy 1 - containing organohalogen or halogenated 
sulfonyl compound mentioned above is not limited to any 
particular species but includes compounds of the following 
20 formula, for instance: 

HO- (CH 2 ) n -OC (O) C (H) (R) (X) 
wherein X is chlorine, bromine or iodine, R is a hydrogen 
atom or an alkyl, aryl or aralkyl group containing up to 20 
carbon atoms, and n is an integer of 1 to 20. 
25 The amino-containing organohalogen or halogenated 

sulfonyl compound mentioned above is not limited to any 
particular species but includes compounds of the following 
formula, for instance: 

H 2 N- (CH 2 ) n-OC (0) C (H) (R) (X) 
30 wherein X is chlorine, bromine or iodine, R is a hydrogen 
atom or an alkyl, aryl or aralkyl group containing up to 20 
carbon atoms, and n is an integer of 1 to 20. 

The epoxy- containing organohalogen or halogenated 
sulfonyl compound mentioned above is not limited to any 
35 particular species but includes compounds of the following 
formula, for instance: 



o 




R 



wherein X is chlorine, bromine or iodine, R is a hydrogen 
40 atom or an alkyl, aryl or aralkyl group containing up to 20 
carbon atoms, and n is an integer of 1 to 20. 
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In the following, mention is made of the methods of 
introducing crosslinking silyl, alkenyl or hydroxyl groups 
by terminal functional group conversion. Since these 

functional groups serve as precursors of each other, the 
5 description is made in the order going upstream from the 
crosslinking silyl groups. 

As the method of synthesizing the vinyl polymer 
having at least one crosslinking silyl group, there may be 
ment i oned 

10 (A) the method comprising adding a hydrosilane compound 

having a crosslinking silyl group to a vinyl polymer having 
at least one alkenyl group in the presence of a 
hydr o s i 1 y 1 at i on catalyst, 

(B) the method comprising reacting a vinyl polymer having 
15 at least one hydroxyl group with a compound having both a 

crosslinking silyl group and a group capable of reacting 
with a hydroxyl group, such as an isocyanato group, 

(C) the method comprising allowing a compound having both a 
- po 1 yme r i z abl e alkenyl group and a crosslinking silyl group 
=120 to react on the occasion of synthesizing a vinyl polymer by 
5; radical polymerization, 

7s (D) the method comprising using a chain transfer agent 

=L containing a crosslinking silyl group on the occasion of 

7j synthesizing a vinyl polymer by radical polymerization, and 

%25 (E) the method comprising reacting a vinyl polymer having 

^ at least one highly reactive carbon -ha 1 og en bond with a 

compound having both a crosslinking silyl group and a 

stable carbanion, among others. 
S The vinyl polymer having at least one alkenyl group, 

;^:30 which is to be used in method (A), can be obtained by 

various methods. Several methods of synthesis are shown 
:II below by way of example. They have no limitative meaning, 

r: however . 

s ~ (A-a) The method comprising allowing a compound having 

35 both a polymeri zable alkenyl group and a poorly 
polymeri zable alkenyl group, as represented by the general 
formula (17) shown below, to react as a second monomer on 
the occasion of synthesizing a vinyl polymer by radical 
polymerization : 
40 H 2 C = C (R 23 ) ~R 24 -R 25 -C (R 26 ) =CH 2 (17) 

wherein R 23 represents hydrogen or methyl, R 24 represents - 

2 5 

C(0)0- or o-, m~ or p-phenylene, R represents a direct 
bond or a divalent organic group containing 1 to 20 carbon 
atoms, which may optionally contain one or more ether 
45 bonds, and R 26 represents hydrogen or an alkyl group 
containing 1 to 10 carbon atoms, an aryl group containing 6 
to 10 carbon atoms or an aralkyl group containing 7 to 10 
carbon atoms . 

The time to submit to reaction the compound having 
50 both a po 1 yme r i z ab 1 e alkenyl group and a poorly 
polymer izable alkenyl group is not critical but it is 
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preferred that said compound be submitted to reaction as 
the second monomer especially after living radical 
polymerization and, when rubber-like properties are 
expected, at the final stage of polymerization or after 
5 completion of the polymerization of the given first 
monomer . 

(A-b) The method comprising submitting a compound having 
at least two poorly polymer i zable alkenyl groups, such as 
1, 5-hexadiene, 1, 7-octadiene or 1 , 9-de cadiene , to reaction 
10 at the final stage of polymerization or after completion of 
the polymerization of the given first monomer on the 
occasion of synthesizing a vinyl polymer by living radical 
polymer i zation . 

(A-c) The method comprising reacting various 

15 organometallic compounds having an alkenyl group, such as 

allylt ributylt in or al ly 1 t r ioctyl t in , with a vinyl polymer 

having at least one highly reactive carbon-halogen bond, 

for replacing the halogen. 
^ (A-d) The method comprising reacting a stabilized 

[fZQ carbanion having an alkenyl group, as represented by the 

general formula (18) given below, with a vinyl polymer 
n having at least one highly reactive carbon-halogen bond, 

; ~ for replacing the halogen: 

Jli M + C~(R 27 ) (R 28 )~R 29 -C(R 26 )=CH 2 (18) 

2 6 2 7 2 8 

=E25 wherein R is as defined above, R and R each is an 

'"'4 electron-withdrawing group capable of stabilizing the 

]^ carbanion C or one of them is an electron-withdrawing 

group and the other is hydrogen, an alkyl group containing 
1 to 10 carbon atoms or a phenyl group, R represents a 
j*50 direct bond or a divalent organic group containing 1 to 10 
carbon atoms, which may optionally contain one or more 
ether bonds, and M + represents an alkali metal ion or a 
quaternary ammonium ion. 

Preferred as the electron-withdrawing group R 27 and/or 

2 8 

35 R are those having the structure -C0 2 R, -C(0)R and/or - 
CN . 

(A-e) The method comprising reacting an elemental metal, 
such as zinc, or an organometallic compound with a vinyl 
polymer having at least one highly reactive carbon-halogen 

40 bond to thereby form an enolate anion, and then reacting 
this with an al keny 1 - cont a ining electrophilic compound such 
as an al keny 1- containing compound having a leaving group 
such as halogen or acetyl, an a 1 keny 1 - con t a i ning carbonyl 
compound, an al kenyl -cont aining isocyanate compound or an 

45 • alkenyl-containing acid halide. 

(A-f) The method comprising reacting an alkenyl-containing 
oxy anion or carboxylate anion represented by the general 
formula (19) or (20), for instance, with a vinyl polymer 
having at least one highly reactive carbon-halogen bond, 

50 for replacing the halogen: 
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H 2 C = C (R 26 ) -R 3 °-0 M + (19) 

wherein R 26 and M + are as defined above and R 30 is a 
divalent organic group containing 1 to 20 carbon atoms, 
which may optionally contain one or more ether bonds; 
5 H 2 C = C (R 26 ) -R 31 -C (0) 0"M + (20) 

wherein R 26 and M + are as defined above and R 31 is a direct 
bond or a divalent organic group containing 1 to 20 carbon 
atoms, which may optionally contain one or more ether 
bonds . 

10 The method for synthesizing the above-mentioned vinyl 

polymer having at least one highly reactive carbon-halogen 
bond includes, but is not limited to, the atom transfer 
radical polymerization method using an organoha logen 
compound or halogenated sulfonyl compound such as mentioned 

15 above as an initiator and a transition metal complex as a 
catalyst . 

The vinyl polymer having at least one alkenyl group 
q can also be prepared from a vinyl polymer having at least 

;fj one hydroxyl group. The method therefor includes, but is 

m20 not limited to, those mentioned below. Mention thus may be 

made of the methods comprising reacting the hydroxyl group 
O of a vinyl polymer having at least one hydroxyl group with 

id (A-g) a base such as sodium methoxide, followed by reaction 

in with an a 1 keny 1 - con t a i ni ng halide such as allyl chloride; 

Cj25 <A-h) an alkeny 1-containing isocyanate such as allyl 

isocyanate; 

13 (A-i) an al keny 1 -containing acid halide such as 

in (met h ) acryloyl chloride in the presence of a base such as 

l\l pyridine; or 

ii^O (A- j ) an alkenyl-containing carboxylic acid such as acrylic 

]^ acid in the presence of an acid catalyst. 

72 In cases where no halogen is directly involved in the 

alkenyl group introduction, as in (A-a) or (A-b), it is 
preferable, in the practice of the present invention, to 

35 synthesize the vinyl polymer by the living radical 

polymerization technique. The method (A-b) is more 

preferred because of ease of control. 

In cases where the alkenyl group introduction is 
realized by replacing the halogen atom of a vinyl polymer 

40 having at least one highly reactive carbon-halogen bond, 
the use is preferred of a vinyl polymer having at least one 
highly reactive terminal carbon-halogen bond obtained by 
radical polymerization (atom transfer radical 

polymerization) of a vinyl monomer using an o r ganohal ogen 

45 compound having at least one highly reactive carbon-halogen 
bond or a halogenated sulfonyl compound as an initiator and 
a transition metal complex as a catalyst. From the ease of 
control viewpoint, the method (A-f) is more preferred. 

The crosslinking s i lyl -containing hydrosilane 

50 compound to be used in the method (A) is not limited to any 
particular species but includes, as typical examples, 
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compounds of the general formula (21) : 

H- [Si (R 21 ) 2 -b (Y) b O] m -Si (R 22 ) 3 -a (Y) a (21) 
21 2 2 

wherein R , R , a, b, m and Y are as defined above. 

Among these hydrosilanes, cr o s s 1 inking group- 
5 containing compounds of the general formula (22) are 
particularly preferred from the ready availability 
viewpoint : 

H-Si(R 22 )3_ a (Y) a (22) 
2 2 

wherein R , Y and a are as defined above. 
10 In adding the cros s 1 inking silyl-containing 

hydrosilane compound mentioned above to an alkenyl group, a 
transition metal catalyst is generally used. As the 

transition metal catalyst/ there may be mentioned, for 
example, elemental platinum; solid platinum dispersed on a 
15 carrier such as alumina, silica or carbon black; 

chloroplatinic acid; a complex of ch 1 o r op 1 a t ini c acid and 
an alcohol, aldehyde, ketone or the like; a plat inum-ole f in 

v ^ complex, and platinum (0) -divinyltetramethyldisiloxane 

complex. As catalyst other than such platinum catalysts, 

1X120 there may be mentioned RhCl(PPh3) 3 , RhCl3, RuC 1 3 , IrCl 3 , 

"4 FeCl 3 , AICI3, PdCl 2 H 2 0 , NiCl 2f TiCl 4 , etc. 

]^ The method for producing a vinyl polymer having at 

^ least one hydroxyl group for use in the methods (B) and (A- 

^ g) to (A-j) includes, but is not limited to, the following. 

"'^25 (B-a) The method comprising submitting a compound having 

= _ both a po 1 yraer i z abl e alkenyl group and a hydroxyl group, 

for example a compound of the general formula (23) shown 
Ml below, to reaction as a second monomer on the occasion of 

t.U synthesizing a vinyl polymer by radical polymerization: 

^30 H 2 C = C (R 23 ) -R 24 -R 25 -OH (23) 

Tj 23 2 A 2 5 

j ^ wherein R , R and R are as defined above. 

The time for submitting the compound having both a 
polymer i zable alkenyl group and a hydroxyl group to 
reaction is not critical. Generally, however, it is 

35 preferred, when rubber-like properties are expected, that 
said compound be submitted to reaction as a second monomer 
in living radical polymerization at the final stage of 
polymerization or after completion of polymerization of the 
given first monomer. 

40 (B-b) The method comprising submitting an alkenyl alcohol, 

such as 10-undecenol , 5-hexenol or allyl alcohol, to 
reaction on the occasion of synthesizing a vinyl polymer by 
living radical polymerization at the final stage of 
polymerization or after completion of polymerization of the 

45 given first monomer. 

(B-c) The method comprising subjecting a vinyl monomer to 
radical polymerization using a large amount of a hydroxyl- 
containing chain transfer agent, such as a hydroxyl- 
containing polysulfide, as disclosed, for example, in 
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Japanese Kokai Publication He i - 0 5 - 2 6 2 8 0 8 . 

(B-d) The method comprising subjecting a vinyl monomer to 
radical polymerization using hydrogen peroxide or a 
hydroxy 1 - containing initiator, as disclosed, for example, 
5 in Japanese Kokai Publication He i - 0 6 - 2 3 9 9 1 2 and Hei-08- 
283310 . 

(B-e) The method comprising subjecting a vinyl monomer to 
radical polymerization using an excessive amount of an 
alcohol, as disclosed, for example, in Japanese Kokai 

10 Publication Hei - 0 6 - 1 1 6 3 1 2 . 

(B-f ) The method comprising hydrolyzing the halogen of a 
vinyl polymer having at least one highly reactive carbon- 
halogen bond or reacting a hydroxyl -containing compound 
with said halogen to thereby attain terminal hydroxyl 

15 introduction, as disclosed, for example, in Japanese Kokai 
Publication Hei-04-132706. 

(B-g) The method comprising reacting a vinyl polymer 

having at least one highly reactive carbon-halogen bond 
^ with a hydr oxy 1 - cont a i ni ng stabilized carbanion such as the 

\pf20 one represented by the general formula (24), for replacing 
;S the halogen : 

Q M C (R ) (R )-R -OH (24) 

-~ " 2 7 2 8 2 9 

p wherein R , R and R are as defined above. 

yj Particularly preferred as the electron-withdrawing 

— . 2 7 2 8 

*M£5 groups R and R are those having the structure -CO2R, 

^ G(0)R or -CN. 

]^ (B-h) The method comprising reacting an elemental metal 

\^ such as zinc or an or ganome t al 1 i c compound with a vinyl 

u=. polymer having at least one highly reactive carbon-halogen 

=.*S0 bond to give an enolate anion and then reacting the latter 

H with an aldehyde or ketone. 

^ (B-i) The method comprising reacting a hydroxyl-containing 

1^ oxy anion or carboxylate anion represented by the general 

formula (25) or (26), for instance, with a vinyl polymer 

35 having at least one highly reactive carbon-halogen bond, 

for replacing the halogen: 

HO-R 3 °-0~M + (25) 
wherein R 30 and M + are as defined above; 
HO-R 31 -C(0)o"M + (26) 
40 wherein R 31 and M" 1 " are as defined above. 

In cases where no halogen is directly involved in the 
method of hydroxyl introduction, as in (B-a) to (B~e), it 
is preferred, in the practice of the present invention, 
that the vinyl polymer be synthesized by the living radical 
45 polymerization technique. The method (B-b) is more 

preferred because of ease of control. 

In cases where hydroxyl group introduction is 
realized by conversion of the halogen of a vinyl polymer 
having at least one highly reactive carbon-halogen bond, 
50 the use is preferred of a vinyl polymer having at least one 
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highly reactive terminal carbon-halogen bond as obtained by 
radical polymerization (atom transfer radical 

polymerization) of a vinyl monomer using an o r ganohal o gen 
compound or a halogenated sulfonyl compound as an initiator 
5 and a transition metal complex as a catalyst. From the 
ease of control viewpoint, the method (B-i) is more 
preferred . 

As the compound having both a crosslinking silyl 
group and a group capable of reacting with a hydroxyl 
10 group, such as an isocyanato group, which is to be used in 
the method (B), there may be mentioned, for example, 
i socyanatopr opy It r imethoxy s i lane , -is o c y ana topropy 1 - 

methyldime thoxy si lane and -i s o cyana t opropyl tr i - 

e thoxys i lane . Any of conventional urethane formation 

15 catalysts may be used as necessary. 

The compound having both a polymer i zable alkenyl 
group and a crosslinking silyl group, which is to be used 
in the method (C), includes, for example, 

i2 trimethoxysilylpropyl (meth) acrylate, 

=[20 methyldimethoxysilylpropyl (meth ) aery late and like 

(Q compounds represented by the general formula (27): 

M H 2 C = C (R 23 ) -R 24 -R 32 - [Si (R 21 ) 2 -b (Y) b O] m -Si (R 22 ) 3 _ a (Y) a (27) 

s ~= 21 2 2 23 24 

wherein R,R,R,R,Y,a,b and m are as defined 

III 3 2 

^ above, and R represents a direct bond or a divalent 

^25 organic group containing 1 to 20 carbon atoms, which may 
optionally contain one or more ether bonds. 

\^ The time to submit the compound having both a 

polymerizable alkenyl group and a crosslinking silyl to 
reaction is not critical. When rubber-like properties are 

J r j0 desired, it is preferred that said compound be submitted to 
reaction as a second monomer in living radical 
polymerization at the final stage of polymerization or 

5 ~ after completion of the polymerization of the given first 

monome r . 

35 The crosslinking silyl-containing chain transfer 

agent to be used in the chain transfer agent technique (D) 
includes, for example, crosslinking s i 1 y 1 - con t aining 
mercaptans, crosslinking s i lyl -conta ini ng hydrosilanes and 
the like, as disclosed in Japanese Kokoku Publication Hei- 

40 03-14068 and He i - 0 4 - 5 5 4 4 4 . 

The method for synthesizing the vinyl polymer having 
at least one highly reactive carbon-halogen bond, which is 
to be used in the method (E), is not limited but includes 
the atom transfer radical polymerization method using an 

45 organohalogen compound or halogenated sulfonyl compound 
such as mentioned above as an initiator and a transition 
metal complex as a catalyst. 

As the compound having both a crosslinking silyl 
group and a stabilized carbanion, which is to be used in 

50 the method (E), there may be mentioned compounds of the 

general formula (28): 
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M + C ( R 2 7 ) (R 28 ) -R 33 -C (H) (R 34 )-CH 2 - 

[Si (R 21 ) 2 -b(Y) b O] m -Si (R 22 ) 3 -a(Y) a (28) 

2 1 22 27 28 

wherein R , R , R , R , Y , a , b and m are as defined 

above, R 33 represents a direct bond or a divalent organic 

5 group containing 1 to 10 carbon atoms, which may optionally 

3 4 

contain one or more ether bonds, and R represents 
hydrogen or an alkyl group containing 1 to 10 carbon atoms, 
an aryl group containing 6 to 10 carbon atoms or an aralkyl 
group containing 7 to 10 carbon atoms. 

2 7 2 8 

10 The electron-withdrawing groups R and R most 

preferably have the structure -CO2R, -C(0)R or -CN. 

The polymer synthesized in the above manner is a 
vinyl polymer having a very narrow molecular weight 
distribution. Therefore, its viscosity is lower as 

15 compared with those polymers equivalent in number average 

molecular weight but broader in molecular weight 
distribution, hence it is easy to handle in using it in 
curable compositions . 

20 Appl ications 

Typical applications of the polymer of the present 
invention are described in the following according to the 
terminal functional group species thereof. However, the 
applications of the polymer of the invention are not 

25 limited thereto. 

The terminal crosslinking s i ly 1 - con t aining vinyl 
polymer of the present invention can be crosslinked and 
cured by forming siloxane bonds in the presence or absence 
of various conventional condensation catalysts. The state 

30 of the cured product may range widely from rubber-like to 
resinous according to the molecular weight and main chain 
skeleton of the polymer. Therefore, this polymer can be 
utilized in sealing materials, adhesives, elastic 
adhesives, pressure sensitive adhesives, paints, powder 

35 coatings, foamed moldings, potting agents for electric and 
electronic use, films, gaskets, various molding materials 
and so forth. 

The terminal al kenyl - con t aining vinyl polymer of the 
present invention gives cured products either by itself or 
40 when an appropriate curing agent is used. 

In particular, the terminal {me th ) a cry 1 oy 1 - cont a ining 
vinyl polymer gives cured products upon heating in the 
presence of absence of various polymerization initiators. 
It is also crosslinked and cured upon light irradiation in 
45 the presence of various phot opol yme r i z a t i on initiators. 

As the curing agent for the terminal alkenyl- 
containing vinyl polymer, various polyvalent 

hydrogensilicon compounds can be used. In that case, 

conventional hydrosilylation catalysts can be used as 
50 catalysts for the curing reaction. 



Curing of the terminal a 1 keny 1 - cont a ining vinyl 
polymer of the present invention gives products widely 
ranging from rubber-like to resinous forms depending on the 
molecular weight and main chain skeleton thereof. Typical 
5 applications of the cured products include sealing agents, 
adhesives, pressure sensitive adhesives, elastic adhesives, 
paints, powder coatings, foamed moldings, potting agents 
for electric and electronic use, films, gaskets, various 
molding materials, artificial marbles and so forth. 
10 The terminal hydroxyl-containing vinyl polymer of the 

present invention is uniformly cured when a compound having 
two or more functional groups capable of reacting with the 
hydroxyl group is used as a curing agent. Typical examples 
of the curing agent are polyi socyana te compounds as having 
15 two or more isocyanato groups per molecule, 
methy lolmelamines and alkyl ethers or low condensates 
thereof and like aminoplast resins, pol yf unc t iona 1 
carboxylic acids and halides thereof, and the like. In 

^ producing cured products using these curing agents, 

,g20 appropriate curing catalysts may be used. 

m Curing of the terminal hydroxyl-containing vinyl 

Q polymer of the present invention can give cured products 

13 ranging widely from rubber-like to resinous forms depending 

|,= on the molecular weight and main chain skeleton thereof. 

|f|25 Typical applications of the cured products include sealing 
Cf materials, adhesives, pressure sensitive adhesives, elastic 

adhesives, paints, powder coatings, foamed moldings, 
O potting agents for electric and electronic use, films, 

i'S gaskets, various molding materials, artificial marbles and 

i" s 30 so on . 

i'2 The crosslinking silyl-, alkenyl- or hydr oxy 1 - te rmina t ed 

vinyl polymer of the present invention is produced by 
e'^ utilizing the living radical polymerization technique and, 

therefore, shows a narrow molecular weight distribution. 
35 It has a lower viscosity as compared with those polymers 

produced by ordinary radical polymerization techniques and 
having an equivalent molecular weight, hence curable 
compositions containing it are expected to be easy to 

handle . 
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BEST MODES FOR CARRYING OUT THE INVENTION 
The following examples further illustrate the vinyl 
polymer of the present invention. They are, however, by no 
means limitative of the scope thereof. 

5 

Production Example 1 

Production of 2 -al 1 y 1 oxye thy 1 me thacry la te 

A three-necked flask equipped with stirrer, 
thermometer, reflux condenser and Dean-Stark trap is 
10 charged with me thacry 1 i c acid (137.7 g, 1.6 mol), ethylene 
glycol monoallyl ether (80.7 g, 0.8 mol), p-toluenesulf onic 
acid (0.76 g, 4.0 mmol) and toluene (650 mL) . After 
allowing the reaction to proceed at 120 for 5 hours, 0.12 
g of p-toluenesulf onic acid is added, and the reaction is 
15 further allowed to proceed at the same temperature for 6 

hours. Then, 0.1 g of p - toluene s ul f on i c acid is added, and 
the reaction is further allowed to proceed at the same 
temperature for 9 hours, whereupon the reaction is 
p completed. During the whole reaction period, methacrylic 

cQ20 acid and ethylene glycol monoallyl ether are monitored with 
in liquid chromatography. The final conversion amounted to 

H -~4 98%. The reaction mixture is neutralized by adding an 

P aqueous solution of NaHC03 and allowed to separate into two 

=xj layers. The aqueous layer is extracted once with toluene. 

^25 The combined organic layer is dried over CaCl 2 and the 

^ volatile matter is distilled off under reduced pressure. 

: & The crude product is distilled under reduced pressure (60 , 

2 mmBg) to give 98.7 g (73% yield) of 2-allyloxyethyl 
r: methacrylate shown below. 

1^30 H 2 C = C (CH 3 ) C0 2 (CH 2 ) 2 OCH 2 CH=CH 2 

";T Production Example 2 

Production of al kenyl - containing carboxylic salt (1) 

To 1/2 N-potassium hydr oxi de / e t hano 1 (200 mL) is 
35 added undecylenic acid (18.8 g, 0.102 mol) slowly dropwise 
at 0 with constant stirring. The volatile matter is then 
distilled off to give a crude product. This crude product 
is washed with acetone and heated in vacuo to provide 
potassium undecylenate of the following formula as white 
40 solid (8.88 g, yield 88%). 

CH 2 =CH- (CH 2 ) 8 -C0 2 ~K + 

Production Example 3 

Production of al kenyl - containing carboxylic salt (2) 
4 5 Into methanol (245 mL ) is added 4-pentenoic aci d (49 

g, 0.489 mol) and potassium tert-butoxide (54.9 g, 0.489 
mol), and the mixture is stirred at 0 . The volatile 
matter is then distilled off under reduced pressure to 
provide potassium 4-petenoate of the following formula. 
50 CH 2 =CH- fCH 2 ) 2 -C0 2 ~K + 

28 



15 



Production Example 4 

Production of hydroxyl-containing initiator 

In a nitrogen atmosphere, 2 -br omopropi ony 1 chloride 
5 (2 mL, 3.35 g, 19.5 minol) is added dropwise slowly at 0 to 

a THF ( tetrahydrof uran) solution (10 mL) of ethylene glycol 
(10.9 mL, 195 mmol) and pyridine (3 g, 39 mmol). The 
solution is stirred at that temperature for 2 hours. 
Dilute hydrochloric acid (20 mL) and ethyl acetate (30 mL ) 
10 are added and the mixture is allowed to separate into two 
layers. The organic layer is washed with dilute 
hydrochloric acid and brine and dried over Na 2 S0 4/ and the 
volatile matter is then distilled off under reduced 
pressure to give a crude product (3.07 g). This crude 
product is distilled under reduced pressure (70-73 , 0.5 
mmHg) to give hydroxyethyl 2 -bromopropionate of the formula 
shown below (2.14 g, 56%): 

^ H 3 CC(H) (Br) C (O) O (CH 2 ) 2-OH 

J$0 Production Example 5 

y Production of a 1 keny 1 - con t a i ni nq initiator (1) 

Hi A 50 ~ mL two-necked flask is purged with nitrogen and 

lI then charged with 2 - a 1 1 y 1 ox y e t hano 1 (2.5 mL, 23.4 mmol), 

^ pyridine (3 mL ) and THF (10 mL). The solution is cooled to 

72 5 0 , and 2 -bromopr opi ony 1 chloride (2 mL, 19.52 mmol) is 

added dropwise slowly. The resulting mixture is stirred at 
3 that temperature for an hour, then ethyl acetate (10 mL) is 

' n added, and the resulting pyridine hydrochloride is filtered 

off. The filtrate is washed with dilute hydrochloric acid 
(10 mL) , then with an aqueous solution of NaHC0 3 (10 mL ) 
3 and further with brine (10 mL). The organic layer is dried 

± over Na 2 S0 4 and the volatile matter is distilled off under 

reduced pressure. The crude product thus obtained is 
distilled under reduced pressure to give a 1 1 y 1 o x y e t hy 1 2- 
35 bromopropionate (78.5-81 (1.3 mmHg), 2.986 g) of the 
formula shown below. 

CH 3 C (H) (Br) C (0) O- CH 2 CH 2 -O -CH 2 CH=CH 2 

Example 1 

40 A one-liter pressure reaction vessel is charged with 

n-butyl acrylate (112 mL , 100 g, 0.78 mol), the hydroxyl- 
contammg initiator obtained in Production Example 4 (3.07 
g, 15.6 mmol), cuprous bromide (2.24 g, 15.6 mmol) 2 2'- 
bipyridyl^ (4.87 g, 31.2 mmol), ethyl acetate (90 mL) and 
w C ^? nitr:Lle (20mL) ' After dissolved oxygen elimination by 
bubbling with nitrogen, the reaction vessel is sealed The 
mixture is heated at 130 for 2 hours to allow the reaction 
to proceed. The reaction vessel is cooled to room 
temperature, 2 -hydr oxye t hy 1 methacrylate (3.92 mL, 4 06 g 

50 31.2 mmol) is added, and the reaction is allowed to proceed 
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at 110 for 2 hours. The reaction mixture is diluted with 
ethyl acetate (200 mL) , the insoluble matter is filtered 
off, and the filtrate is washed twice with 10% hydrochloric 
acid and once with brine. The organic layer is dried over 
5 Na 2 S0 4 , and the solvent is distilled off under reduced 

pressure to give 82 g of a hydroxyl-terminated poly(n-butyl 
acrylate). The polymer has a number average molecular 
weight of 5,100 (polystyrene equivalent) as determined by 
GPC, with a molecular weight distribution of 1.29. 
10 Then, undecenoyl chloride (7.22 mL, 6.81 g, 33.6 

mmol) is added dropwise slowly to a toluene solution (100 
mL) of the hydr oxy 1 - 1 ermina t ed poly (n-butyl acrylate) 
obtained in the above manner (50 g) and pyridine (10 mL ) in 
a nitrogen atmosphere at 75 , and the mixture is stirred at 
15 75 for 3 hours. The resulting white precipitate is 

filtered off, and the organic layer is washed with dilute 
hydrochloric acid and brine. The organic layer is dried 
3 over Na 2 S0 4 and concentrated under reduced pressure to give 

q alkenyl-containing poly (n-butyl acrylate) (43 g). The 

g20 polymer has a number average molecular weight of 5,400 
3 (polystyrene equivalent) as determined by GPC, with a 

£■ molecular weight distribution of 1.30. The number of 

7j alkenyl groups introduced per oligomer molecule is found to 

fi be 2.28 upon 1 H NMR analysis. 

^J 25 Then, a 30-mL pressure reaction vessel is charged 

with the thus-obtained poly(butyl acrylate) having alkenyl 
2 groups at both ends (2 g), me thyl dime thoxy s i 1 ane (0.32 mL), 

n methyl orthoformate (0.09 mL, 3 equivalents relative to the 

y alkenyl group) and platinum ( 0 ) -1 , 1 , 3 , 3 , - t e tr ame thy 1 - 1 , 3- 

^30 divinyldisiloxane complex (8.3 x 10~ 8 mol/L xylene 
J solution, 10 equivalent relative to the alkenyl group) , 

and the mixture is stirred at 100 for an hour. The 
volatile matter is distilled off to give 2 g of poly(n- 
butyl acrylate) having me thy 1 dime thoxy s i 1 yl groups at both 
35 ends, as represented by the formula shown below. The 
polymer has a number average molecular weight of 5,900 
(polystyrene equivalent) as determined by GPC, with a 
molecular weight distribution of 1.37. The number of silyl 
groups introduced per oligomer molecule is 2.24 as 
40 determined by 1 H NMR analysis. 

Then, the poly(n-butyl acrylate) having methyl- 
dime thoxy s i 1 yl groups at both ends (one gram) as obtained 
m Example 1, and a curing catalyst (Nitto Kasei's U-220 
dlbut ^ ltin diacetylacetonate, 30 mg ) are mixed up, cast 
45 into a mold, and defoamed at room temperature using a 

reduced pressure drier. After 7 days of standing at room 
temperature, a uniform rubber-like cured product is 
obtained. The gel fraction is 78%. 

50 Example 2 
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Synthesis of hydroxyl -terminated poly (n-butyl acrylate) 

A one-liter pressure reaction vessel is charged with 
n-butyl acrylate (112 mL, 100 g, 0.78 mol), the hydroxyl- 
containing initiator obtained in Production Example 1 (3.07 
5 g, 15.6 mmol), cuprous bromide (2.24 g, 15.6 mmol), 2,2 ! - 
bipyridyl (4.87 g, 31.2 mmol), ethyl acetate (90 mL ) and 
acetonitrile (20mL) . After dissolved oxygen elimination by 
purging with nitrogen, the reaction vessel is sealed. The 
mixture is heated at 130 for 2 hours to allow the reaction 
10 to proceed. The reaction vessel is cooled to room 

temperature, 2 -hydroxye thy 1 methacrylate (3.92 mL, 4.06 g, 
31.2 mmol) is added, and the reaction is allowed to proceed 
at 110 for 2 hours. The reaction mixture is diluted with 
ethyl acetate (200 mL) , the insoluble matter is filtered 
15 off, and the filtrate is washed with 10% hydrochloric acid 
and brine. The organic layer is dried over Na2S0 4 , and the 
solvent is distilled off under reduced pressure to give 82 
^ g of hydroxy 1- terminated poly (n-butyl acrylate) . The 

polymer has viscosity of 25 Pa . s . The polymer has a number 
1^20 average molecular weight of 5,100 (mobile phase: 
^ chloroform, polystyrene equivalent) as determined by GPC, 

; j? with a molecular weight distribution of 1.29. The average 

\=t number of hydroxyl groups introduced per polymer molecule 

is found to be 2.28 upon *H NMR analysis. 
^25 Synthesis of alkenyl -te rminated poly (n-butyl acrylate) 

Qndecenoyl chloride (7.22 mL, 6.81 g, 33.6 mmol) is 
^ added dropwise slowly to a toluene solution (100 mL ) of the 

i'vk hydroxy 1- terminated poly (n-butyl acrylate) obtained above 

YA (50 g) and pyridine (10 mL ) in a nitrogen atmosphere at 

1 1.30 75 , and the mixture is stirred at 75 for 3 hours. The 
1^1 resulting white precipitate is filtered off, and the 

1^ organic layer is washed with dilute hydrochloric acid and 

brine. The organic layer is dried over Na2S04 and 
concentrated under reduced pressure to give alkenyl- 
35 containing poly (n-butyl acrylate) (43 g) . The polymer has 
a number average molecular weight of 5,400 (mobile phase: 
chloroform, polystyrene equivalent) as determined by GPC, 
with a molecular weight distribution of 1.30. The number 
of alkenyl groups introduced per polymer molecule is found 

40 to be 2.28 upon 1 H NMR analysis. 

Synthesis of crosslinking s i 1 yl -te rminated poly (n-butyl 
acrylate ) 

A 30-mL pressure reaction vessel is charged with the 
thus -obtained poly (butyl acrylate) having alkenyl groups at 
45 both ends (2 g) , me thy 1 dime t hoxy s i 1 ane (0.32 mL), methyl 
orthoformate (0.09 mL , 3 equivalents relative to the 
alkenyl group) and platinum bis (divinyltetramethyldi- 

- 8 -4 

siloxane) (8.3 x 10 mol/L xylene solution, 10 equivalent 
relative to the alkenyl group), and the mixture is stirred 
50 at 100 for an hour. The volatile matter is distilled off 
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to give 2 g of a cr o s s 1 i nking silyl-having poly (n-butyl 
acrylate) . The polymer has a number average molecular 
weight of 5,900 (mobile phase: chloroform, polystyrene 
equivalent) as determined by GPC, with a molecular weight 
distribution of 1.37. The number of silyl groups 
introduced per polymer molecule is 2.24 as determined by 1 H 
NMR analysis . 

Reference Example 1 

The crosslinking silyl-terminated polymer (one gram) 
as obtained in Example 2, and a curing catalyst (Nitto 
Kasei's U-220, dibutyltin diacetylacetonate, 30 mg ) are 
mixed up, cast into a mold, and defoamed at room 
temperature using a reduced pressure drier. After 7 days 
of standing at room temperature, a uniform rubber-like 
cured product is obtained. The gel fraction is 78% as 
obtained by toluene extraction. 

Reference Example 2 

One hundred parts by weight of the crosslinking 
silyl-terminated polymer as obtained in Example 2, one part 
by weight of water, and one part by weight of dibutyltin 
dimethoxide are mixed up, cast into a mold, and defoamed at 
room temperature using a reduced pressure drier. After 
cured by heating at 50 for 20 hours, a uniform rubber-like 
cured sheet is obtained. The gel fraction is 88% as 
obtained by toluene extraction. Dumbbell (No. 2(1/3)) is 
punched out from the rubber-like cured sheet and subjected 
to tensile testing (200 mm/min) with autograph The 
breaking strength is 0.32 Mpa and the breaking elongation 
i s 3 4 % . 



Example 3 

Synthe sis of halogen-terminated poly(n-butyl acrylate) 

A 500-mL pressure reaction vessel is charged with n- 
butyl acrylate (112 mL, 100 g, 0.78 mol), dibr omoxy 1 ene 
(4.12 g, 15.6 mmol), cuprous bromide (2.45 g, 15 6 mmol) 
2,2<-bi P yridyl (4.87 g, 31.2 mmol), ethyl acetate (90 mL) 
and acetonitrile (20 mL) . After dissolved oxygen 
elimination by bubbling nitrogen gas, the vessel is sealed 
and the mixture is heated at 130 for 2 hours to allow the' 
reaction to proceed. After cooling to room temperature, 2- 
hydroxyethyl methacrylate (3.92 mL, 4.06 g, 31.2 mmol) is 
added, followed by reaction at 110 for 2 hours. The 
reaction mixture is diluted with ethyl acetate (200 mL) 
and passed through an activated alumina column for removing 
the copper catalyst to give a bromine-terminated polymer. 
The polymer has a number average molecular weight of 5 700 
(mobile phase: chloroform, polystyrene equivalent), with a 
molecular weight distribution of 1.37. 

Synthesis of a 1 ke ny 1 - t e rmina t e d poly(n-butyl acrylate) 
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In a nitrogen atmosphere, a 500-mL flask is charged 
with 84 g of the halogen-terminated poly (n-butyl acrylate) 
obtained above, 7.7 g (56 mmol) of potassium pentenoate, 
and 80 mL of DMAc . The reaction is allowed to proceed at 
5 70 for 4 hours. Potassium pentenoate unreacted and 

potassium bromide formed in the reaction mixture is removed 
by water extraction to obtain an a 1 keny 1 - t e rmi n a t e d 
polymer. Seventy gram of this polymer and the same weight 
of aluminum silicate (Kyowa Chemical's Kyowaad 700PEL) are 

10 mixed with toluene and this mixture is stirred at 100 . 

The aluminum silicate is filtered off after 4 hours and the 
volatile matter of the filtrate is removed off by heating 
under reduced pressures to purify the polymer. The polymer 
obtained has a number average molecular weight of 4,760 

15 (mobile phase: chloroform, polystyrene basis) as determined 

with GPC, and a molecular weight distribution of 1.73. The 
number of alkenyl groups per polymer molecule is 1.78 as 

^ determined by H NMR analysis. 

S Synthesis of crosslinking s i 1 y 1 - t e rmi na t e d poly (n-butyl 

20 acrylate ) 

^ A 200-mL pressure reaction vessel is charged with 60 

1 g of the thus-obtained, al keny 1 -te rmina ted polymer, 8.4 mL 
~j (68.1 mmol) of me t hy 1 dime thoxy s i 1 ane , 2.5 mL (22.9 mmol) of 
jf methyl orthof ormat e , and platinum bis (divinyl- 

|5 tetramethyldisiloxane) (5 x 10~ 3 mmol). The reaction is 
allowed to proceed at 100 for 4 hours to give a 

2 crosslinking silyl-having polymer. The polymer has a 

fj number average molecular weight of 6,000 (mobile phase: 

y chloroform, polystyrene equivalent) as determined by GPC, 

JO with a molecular weight distribution of 1.44. The number 
□ of crosslinking silyl groups per polymer molecule is 1.59 

^ as determined by 1 H NMR analysis. 

Reference Example 3 

35 One hundred parts by weight of the crosslinking 

silyl-terminated polymer as obtained in Example 3, one part 
by weight of water, and one part by weight of dibutyltin 
dimethoxide are mixed up, cast into a mold having a 
thickness of 2 mm, and defoamed at room temperature using a 

40 reduced pressure drier. After cured by heating at 50 for 
2 days, a uniform rubber-like cured sheet is obtained. The 
gel fraction is 93% as obtained by toluene extraction. 
Dumbbell (No. 2(1/3)) is punched out from the rubber-like 
cured sheet and subjected to tensile testing (200 mm/min) 

45 with autograph. The breaking strength is 0.26 Mpa and the 
breaking elongation is 75%. 

Example 4 

Synthesis of halogen-terminated poly (n-butyl acrylate) 
50 A 500-mL flask is charged with cuprous bromide (0.63 
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g, 4.4 mmol), pent ame thyldieht ylenetr iamine (0.76 g, 4.4 
mmol), acetonitrile (5 mL), diethyl 2 , 5-dibromoadipate (1.6 
g, 4.4 mmol), and butyl acrylate (44.7 g, 349 mmol). After 
carrying out freeze degassing, the reaction is allowed to 
5 proceed at 70 for 7 hours in a nitrogen atmosphere. The 
mixture is passed through an activated alumina column for 
removing copper catalyst to obtain a bromine-terminated 
polymer. The polymer obtained has a number average 
molecular weight of 10,700, and a molecular weight 
10 distribution of 1.15. 

Synthesis of alkenyl-terminated poly (n-butyl acrylate) 

In a nitrogen atmosphere, a 200-mL flask is charged 
with 35 g of the halogen-terminated poly (n-butyl acrylate) 
obtained above, 2.2 g (16.1 mmol) of potassium pentenoate, 
15 and 35 mL of DMAc . The reaction is allowed to proceed at 
70 for 4 hours. Potassium pentenoate unreacted and 
potassium bromide formed in the reaction mixture is removed 
by water extraction to obtain an alkenyl-terminated 
3 polymer. The polymer obtained has a number average 

y20 molecular weight of 11,300 as determined with GPC (mobile 
g phase: chloroform, polystyrene basis), and a molecular 

■4 weight distribution of 1.12. The number of alkenyl groups 

3 P er polymer molecule is 1.82 as determined by 1 H NMR 

Ai analysis. 
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Synthesis of crosslinkinq s i 1 y 1 -termina t ed poly (n-butyl 
acrylate ) 



A 200-mL pressure reaction vessel is charged with 15 
g of the thus-obtained, alkenyl-terminated polymer, 1.8 mL 
(14.5 mmol) of me thy 1 dime thoxy s i 1 ane , 0.26 mL (2.4 mmol) of 
30 methyl or thof ormat e , and platinum bis(divinyl- 

tetramethyldisiloxane) (10~ 4 mmol). The reaction is 
allowed to proceed at 100 for 4 hours to give a 
crosslinking silyl-terminated polymer. The viscosity of 
the polymer obtained is 44 Pa.s. The polymer has a number 
average molecular weight of 11,900 (mobile phase: 
chloroform, polystyrene equivalent) as determined by GPC, 
with a molecular weight distribution of 1.12. The number 
of crosslinking silyl groups per polymer molecule is 1.46 
as determined by 1 H NMR analysis. 

40 

Reference Example 4 

One hundred parts by weight of the crosslinking 
silyl-terminated polymer as obtained in Example 4, one part 
by weight of water, and one part by weight of dibutyltin 

45 dimethoxide are mixed up, cast into a mold having a 

thickness of 2 mm, and defoamed at room temperature using a 
reduced pressure drier. After cured by heating at 50 for 
10 days, a uniform rubber-like cured sheet is obtained 
The gel fraction is 98% as obtained by toluene extraction. 

50 Dumbbell (No. 2(1/3)) is punched out from the rubber-like 
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cured sheet and subjected to tensile testing (200 mm/min) 
with autograph. The breaking strength is 0.35 Mpa and the 
breaking elongation is 77%. 

5 Example 5 

Synthesis of alkenyl-terminated poly(n-butyl acrylate) 

A 100-mL glass reaction vessel is charged with butyl 
acrylate (50.0 mL , 44,7 g, 0.349 mol), cuprous bromide 
(1.25 g, 8.72 mmol) , pent ame thy ldie thy lene t r iamine (1.82 
10 mL, 1.51 g, 8.72 mmol), and acetonitrile (5 mL) . After 

cooling and degassed under reduced pressures, the inside of 
the reaction vessele is purged with nitrogen gas. After 
stirring thoroughly, diethyl 2 , 5-dibromoadipat e (1.57 g, 
4.36 mmol) is added and the mixture is stirred and heated 
15 at 70 . After 60 minutes, 1, 7-octadiene (6.44 mL, 4.80 g, 

43.6 mmol) is added to this mixture and heating is 
continued at 70 for 2 hours with stirring. The reaction 
mixture is treated with activated alumina and the volatile 
y matter is distilled off by heating under reduced pressures. 

;Jf20 The residue is dissolved into ethyl acetate, and washed 
:*! with 2% hydrochloric acid and brine. The organic layer is 

^ dried over Na 2 S0 4 and the volatile matter is distilled off 

jTj by heating under reduced pressures to give an alkenyl- 

;g terminated polymer. The polymer has a number average 

r]25 molecular weight of 13,100 as determined by GPC 
. ' (polystyrene equivalent) , with a molecular weight 

p distribution of 1.22. The number of alkenyl groups per 

yi polymer molecule is 2.01 as determined by 1 H NMR analysis, 

ly Synthesis of crosslinkinq s i 1 y 1 - t e rmi na te d poly(n-butyl 

1^30 acrylate ) 

O Tn e alkenyl-terminated poly(n-butyl acrylate) 

1^ obtained above (3.05 g) and the same weight of aluminum 

silicate (Kyowa Chemical's Kyowaad 700PEL) are mixed with 
toluene, and stirred at 100 . After 4 hours, aluminum 

35 silicate is filtered off and the volatile matter of the 
filtrate is distilled off by heating under reduced 
pressures to purify the polymer. 

A 200-mL glass pressure reaction vessel is charged 
with the polymer thus purified (23.3 g), 

40 dimethoxymethylsilane (2.55 mL , 20.7 mmol), methyl 

orthoformate (0.38 mL , 3.45 mmol), and platinum catalyst. 
The amount of the platinum catalyst used is 2xl0~ 4 
equivalent by molar ratio relative to the alkenyl groups of 
the polymer. The reaction mixture is heated at 100 for 3 

45 hours. The volatile matter of the mixture is distilled off 
under reduced pressures to give a crosslinking silyl- 
terminated poly (n-butyl acrylate). The polymer has a 
number average molecular weight of 13,900 as determined by 
GPC (mobile phase: chloroform, polystyrene equivalent), 

50 with a molecular weight distribution of 1.25. The number 
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of crosslinking silyl groups per polymer molecule is 1.58 
as determined by 1 H NMR analysis. 



Reference Example 5 
5 One hundred parts by weight of the crosslinking 

silyl-terminated polymer as obtained in Example 5, one part 

by weight of water, and one part by weight of dibutyltin 
. dime thoxide are mixed up, cast into a mold having a 

thickness of 2 mm, and defoamed at room temperature using a 
10 reduced pressure drier. After cured by heating at 50 for 

10 days, a uniform rubber-like cured sheet is obtained. 

The gel fraction is 85% as obtained by toluene extraction. 

Dumbbell (No. 2(1/3)) is punched out from the rubber-like 

cured sheet and subjected to tensile testing (200 mm/rain) 
15 with autograph. The breaking strength is 0.34 Mpa and the 

breaking elongation is 86%. 

Example 6 

~f Synthesis of halogen-terminated poly (n-butyl acrylate) 

A 500-mL flask is charged with cuprous bromide (0.63 
AJ g, 4.4 mmol), pent ame thy ldiehtyl ene tri amine (0.76 g, 4.4 

H mmol), acetonitrile (5 mL) , diethyl 2 , 5 -dibromoadipat e 

=? ■ (0.78 g, 2.2 mmol), and butyl acrylate (44.7 g, 34 9 mmol). 

2 After carrying out freeze degassing, the reaction is 
C25 allowed to proceed at 70 for 6 hours in a nitrogen 

^ atmosphere. The mixture is passed through an activated 

alumina column for removing copper catalyst to obtain a 

J bromine-terminated polymer. The polymer obtained has a 

number average molecular weight of 23,600 as determined by 

k30 GPC (mobile phase: chloroform, polystyrene basis), and a 

■j= molecular weight distribution of 1.14. 

3 Synthesis of al kenyl-terminated poly (n-butyl acrylate) 

" : m In a nitrogen atmosphere, a 200-mL flask is charged 

with 34 g of the br omine - t e rmi na t e d polymer obtained above, 

35 1 -° 9 (7.6 mmol) of potassium pentenoate, and 34 mL of 
DMAc . The reaction is allowed to proceed at 70 f o r 4 
hours. Potassium pentenoate unreacted and potassium 
bromide formed in the reaction mixture is removed by water 
extraction to obtain an alkenyl-terminated polymer. This 

40 alkenyl-terminated polymer and the same weight (30.5 g) of 
aluminum silicate (Kyowa Chemical's Kyowaad 700PEL) is 
mixed with toluene, and stirred at 100 . After 4 hours, 
aluminum silicate is filtered off and the volatile matter 
of the filtrate is distilled off by heating under reduced 

45 pressures to purify the polymer. The polymer obtained has a 

number average molecular weight of 24,800 as determined 
with GPC (mobile phase: chloroform, polystyrene basis), and 
a molecular weight distribution of 1.14. The number of 
alkenyl groups per polymer molecule is 1.46 as determined 

50 by H NMR analysis. 

Synthesis of crosslinking silyl-terminated poly(n-butyl 
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acrylat e ) 

A 200-mL pressure reaction vessel is charged with 21 
g of the thus-obtained, alkenyl-terminated polymer, 0.94 mL 
(7.6 mmol) of me t hy 1 dime t ho xy s i 1 ane , 0.13 mL (1.3 mmol) of 
methyl orthoformate, and platinum bis (divinyl- 
tetramethyldisiloxane ) (2xl0~ 4 mmol) . The reaction is 
allowed to proceed at 100 for 4 hours to give a 
crosslinking s i 1 y 1 - t e rmi na t ed polymer. The viscosity of 
the polymer obtained is 100 Pa.s. The polymer has a number 
average molecular weight of 25,400 (mobile phase: 
chloroform, polystyrene equivalent) as determined by GPC, 
with a molecular weight distribution of 1.16. The number 
of crosslinking silyl groups per polymer molecule is 1.48 
as determined by 1 H NMR analysis. 



Reference Example 6 

One hundred parts by weight of the crosslinking 
silyl-terminated polymer as obtained in Example 6, one part 
by weight of water, and one part by weight of dibutyltin 
dimethoxide are mixed up, cast into a mold having a 
!;1 thickness of 2 mm, and defoamed at room temperature using a 

.!j reduced pressure drier. After cured by heating at 50 for 

!~ 2 days, a uniform rubber-like cured sheet is obtained. The 

s, 2 9 el fraction is 94% as obtained by toluene extraction 

5 Dumbbell (No. 2(1/3)) is punched out from the rubber-like 

cured sheet and subjected to tensile testing (200 mm/min) 
U with autograph. The breaking strength is 0.40 Mpa and the 

s :~ breaking elongation is 323%. 

; : ^0 Comparative Example 1 

l Z Synthesis of crosslinking silyl-having poly(n-butyl 

lz acrylat e) using a crosslinking s i 1 yl -containing monomer 

t- In one-litter flask, 400 g of toluene, 385 g of butyl 

acrylate, 15 g of me t hyl dime thoxys i 1 yl p ropy 1 ma t ha c r y 1 a t e , 
35 and 6 g of a zobi s i sobuty roni t r i 1 e are polymerized at 105 
for 7 hours with nitrogen bubbling. Toluene is distilled 
off to give a crosslinking silyl-having poly (n-butyl 
acrylate) . The viscosity of the polymer obtained is 74 
Pa.s. The polymer has a number average molecular weight of 
40 8,500 (mobile phase: chloroform, polystyrene equivalent) as 
determined by GPC, with a molecular weight distribution of 
2.47. The average number of crosslinking silyl groups per 
polymer molecule is 1.40 as determined by X H NMR analysis. 

45 Comparative Reference Example 1 

One hundred parts by weight of the crosslinking 
silyl-having polymer as obtained in Comparative Example 1 
one part by weight of water, and one part by weight of 
dibutyltin dimethoxide are mixed up, cast into a mold 
50 having a thickness of 2 mm, and defoamed at room 

temperature using a reduced pressure drier. After cured by 
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heating at 50 for 10 days, a uniform rubber-like cured 
sheet is obtained. The gel fraction is 78% as obtained by 
toluene extraction. Dumbbell (No. 2(1/3)) is punched out 
from the rubber-like cured sheet and subjected to tensile 
5 testing (200 mm/min) with autograph. The breaking strength 
is 0.14 Mpa and the breaking elongation is 69%. 

. Comparative Example 2 
Synthesis of crosslinkinq silyl-having poly (n-butyl 

10 acrylate) using a crosslinking silyl-containinq monomer 

In one-litter flask, 210 g of toluene, 293 g of butyl 
acrylate, 7.2 g of methyldimethoxysilylpropyl ma t ha cr yl a t e , 
and 1.8 g of azobisisovaleronitrile are polymerized at 105 
for 7 hours with nitrogen bubbling. Toluene is distilled 

15 off to give a crosslinking silyl-having poly(n-butyl 

acrylate) . The viscosity of the polymer obtained is 110 
Pa.s. The polymer has a number average molecular weight of 
9,600 (mobile phase: chloroform, polystyrene equivalent) as 
determined by GPC, with a molecular weight distribution of 

20 2.86. 

The results of Examples 2-6 and Comparative Examples 
1-2 are summarized in Table 1. 
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In Table 1, Fn means the average number of 
crosslinking silyl groups per polymer molecule. 
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In applications where rubber-like properties are required, 
it is desirable that the molecular weight of the polymer be 
increased so that the balance among modulus, breaking 
strength and elongation at break can be improved. In 
5 particular in the case of polymers having crosslinking 

functional groups such as those of the present invention, 
that tendency is strong, since the molecular weight is 
associated with the molecular weight between sites of 
crosslinking, which is an important index in rubber 
10 designing. The number average molecular weight is one of 
the important parameters deciding the molecular weight 
between crosslinking sites and it is desirable that this 
can be increased so that the above-mentioned physical 
property balance can be improved. 
15 In the case of that vinyl polymer of the present 

invention which has at least one crosslinking silyl group, 
the molecular weight distribution can be controlled within 
a narrow range, so that when compared with prior art 
q polymers having substantially the same molecular weight, 

,q20 said vinyl polymer has a very low viscosity, hence it is a 
m material excellent in handling properties (the viscosity in 

Hi Example 4 being not more than half of that in Comparative 

Example 2). Where limitations are imposed on the 
jTjj viscosity, cured products excellent in 

Jf25 modulus /strength/elongation balance can be obtained 
Hi (Example 7), since a polymer having a higher number average 

molecular weight can be obtained with substantially the 
j-j same viscosity. Furthermore, since the crosslinking silyl- 

containing vinyl polymer is produced by living radical 
1*30 polymerization, the proportion of polymer molecules having 
l2 no crosslinking silyl group is small even when the average 

number of crosslinking silyl groups per molecule is 
Yz_ substantially the same as compared with prior art polymers; 

as a result, cured products having a high gel fraction can 
35 be obtained (Example 4 and Comparative Example 1) . 

Reference Example 7 

Heat resistance of a cured product 

A portion of the cured sheet of crosslinking silyl- 
40 containing poly (n-butyl acrylate) as obtained in Reference 
Example 4 was placed in an oven maintained at 150 and 
taken out after 24 hours for observation of the surface 
state. The surface showed no abnormalities. 

45 Comparative Example 3 

Synthesis of crosslinking s i I y 1 - te rminat ed poly- 
dime thy 1 s i 1 oxane (silicone) 

A 200-mL flask was charged with 97 g of vinyl- 
terminated polydimethylsiloxane (DMS-V25, product of 

50 Adimax; unsaturated group equivalent 0.11 eq/kg), 2.3 g 
(21.4 mmol) of me thyldimethoxysilane and 10~ 3 mmol of 
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platinum bis (divinyltetramethyldisiloxane ) , and the 
reaction was allowed to proceed at 70 for 6 hours. The 
thus -obtained cros slinking silyl -terminated 

polydimethyl siloxane had a number average molecular weight 
5 of 11,900 as determined by GPC (mobile phase chloroform, 
polystyrene equivalent) with a molecular weight 

distribution of 2.52. In 1 H-NMR analysis (300 MHz), the 
unsaturated group-due peak was found disappeared and the 
number of crosslinking silyl groups per 
10 polydimethylsiloxane polymer molecule was 2 as determined 
based on the intensity ratio between the methyl protons 
bound to the silicon atoms originating from the main chain 
of the polymer and the protons of the methoxysilyl groups. 
The viscosity was 6 poises. 

15 

Comparative Reference Example 2 

Heat resistance of a cured product 

The crosslinking s i 1 y 1 - con t aining polymer of 
□ Comparative Example 3 (100 weight parts) was admixed with 1 

'•O20 weight part of water and 1 weight part of dibutyltin 
\U dimethoxide and, after thorough stirring, the mixture was 

''4 poured into a mold with a thickness of 2 mm. After 

O deforming under reduced pressure, thermal curing was 

W effected at 50 for 10 days. A portion of the cured sheet 

^M25 obtained was placed in an oven at 150 and taken out after 

2 4 hours for observation of the surface state. The surface 
= showed no abnormalities. 

\*\ Comparative Example 4 

^M30 Synthesis of al lyl -terminated po 1 y i s obu t y 1 ene 

^ A 2-liter pressure-resistant glass pol yme rization 

O vessel was purged with nitrogen and charged with 205 mL of 

H ethylcyclohexane and 819 mL of toluene, both dried with 

molecular sieves, and 2.89 g (12.5 mmol) of p-dicumyl 
35 chloride . 

Isobutylene monomer (332 mL, 3.91 mol) was introduced 
into the polymerization vessel and then 0.454 g (4.88 mmol) 
of 2-methylpyridine and 6.69 mL (61.0 mmol) of titanium 
tetrachloride were added to thereby initiate the 
40 polymerization. After 70 minutes of reaction, 6.86 g (60.0 
mmol) of allyl t rime thyl s i lane was added and the reaction 
was allowed to proceed for allyl group introduction into 
polymer termini. After 120 minutes of reaction, the 
reaction mixture was washed with water and the solvents 
45 were distilled off to give allyl-terminated 
poly isobutylene . 

Synthesis of crosslinking s i lyl- terminated poly i sobuty lene 

A 200-g portion of the allyl-terminated polymer 
obtained in the above manner was heated to about 75 , then 
50 1.5 eq/vinyl group of me thy Idime t hoxy s i 1 ane and 5xl0~ 5 

eq/vinyl group of platinum-vinyl siloxane complex were added 
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and the hydrosilylation reaction was carried out. The 
reaction was monitored by FT-IR analysis. In about 20 
hours, the olefin absorption at 1640 cm -1 disappeared. 

The crosslinking s i 1 y 1 - t e rmina t ed polyisobutylene 
5 obtained had a viscosity of 360 Pas and a number average 
molecular weight of 4,800 as determined by GPC (mobile 
phase chloroform, polystyrene equivalent) with a molecular 
weight distribution of 1.52. The number of crosslinking 
silyl groups per polymer molecule as determined by 1 H-NMR 
10 analysis was 1.66. 

Comparative Reference Example 3 

Heat resistance of a cured product 

The crosslinking s i 1 y 1 - t e rmina te d polymer of 
15 Comparative Example 4 (100 weight parts) was admixed with 1 

weight part of water and 1 weight part of dibutyltin 

dimethoxide and, after thorough stirring, the mixture was 
^ poured into a mold with a thickness of 2 mm. After 

P deforming under reduced pressure, thermal curing was 

Jjo effected at 50 for 10 days. A portion of the cured sheet 
.1 obtained was placed in an oven at 150 and taken out after 

□ 24 hours for observation of the surface state. The surface 

'.j was found melted, partly with exudation of a liquid, 

i The results of Reference Example 7 and Comparative 

rj>5 Reference Examples 2 and 3 are summarized in Table 2. 
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The cured products obtained from the crosslinking silyl- 
containing vinyl polymer have the same level of heat 
resistance as compared with silicone polymers and are 
superior in heat resistance to polyisobutylenes and 
therefore can be used in applications where heat resistance 
is required. 

Reference Ex amp 1 e 8 

Resi stance to accelerated weathering 

A portion of the cured sheet of crosslinking silyl- 
containing poly(n-butyl acrylate) as obtained in Reference 
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Example 4 was subjected to accelerated weathering test 
using a sunshine wea t her-o-me t er and the surface state was 
observed. Even after the lapse of 1,000 hours, the surface 
showed neither melting nor discoloration. 

Comparative Reference Examples 4 and 5 

The same accelerated weathering test was conducted 
using the silicone polymer obtained in Comparative Example 
3 (Comparative Reference Example 4) or the polyisobutylene 
polymer obtained in Comparative Example 4 (Comparative 
Reference Example 5) in lieu of the cured product of 
crosslinking s i 1 yl - containing poly(n-butyl acrylate) as 
obtained in Reference Example 4. In Comparative Reference 
Example 4, neither surface melting nor discoloration was 
observed after the lapse of 1,000 hours. On the other 
hand, in Comparative Reference Example 5, surface melting 
was already found after the lapse of 500 hours. 

The composition in which the crosslinking silyl- 
3 containing vinyl polymer of the present invention is used 

r20 has the same level of weathering resistance as compared 
g with silicone polymer compositions and is definitely 

y superior to pol y i s obu t y 1 ene s and therefore can be used in 

3 applications where weathering resistance is required. 

n25 Reference Example 9 

y One-pack depth curability 

The crosslinking silyl-containing polymer (100 weight 
□ Parts) obtained in Example 5 was dehydrated a z eo t r opi ca 1 ly 

fj with toluene. Then, in a nitrogen atmosphere, 1 weight 

^30 part of methyltrimethoxysilane and 1 weight part of 
^ dibutyltin di ace ty la ce tonat e were added in sequence, and 

2 the mixture was stored in a tightly stoppered sample 

^ bottle. The thus -prepared one-pack composition was stored 

in a constant-temperature, constant-humidity room (23, 6 0% 
35 RH) for a week and then discharged into a sample tube. At 

24 hours after discharge, the cured portion was taken out 

and the thickness thereof in the direction of depth was 

measured and found to be 3 mm. 

40 Comparative Reference Examples 6 and 7 
One-pack depth curability 

The same depth curability measurement was performed 
using the silicone polymer obtained in Comparative Example 
3 (Comparative Reference Example 6) or the polyisobutylene 

45 polymer obtained in Comparative Example 4 (Comparative 
Reference Example 7) in lieu of the polymer obtained in 
Example 5. In Comparative Reference Example 6, the depth 
curability was 3 mm and, in Comparative Reference Example 
7, only thin film formation was found on the surface, with 

50 no inside curing. 

The composition comprising the crosslinking silyl- 
containing vinyl polymer of the present invention has the 
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same level of one-pack depth curability as that of 
si licone-based compositions and is decidedly superior to 
polyisobutylene compositions, hence can be used as such a 
composition as a one-pack sealant. 

5 

Reference Example 10 
Adhesive property 

Colloidal calcium carbonate (120 weight parts), 50 
weight parts of dioctyl phthalate, 2 weight parts of amino- 

10 substituted crosslinking s i lyl -containing compound A-1120 
(product of Nippon Unicar) and 1 weight part of dibutyltin 
diacetylacetonate were added to 100 weight parts of the 
cros slinking silyl-containing poly (n -butyl acrylate) 
obtained in Example 5 and, after thorough mixing, the 

15 mixture was applied, in a bead form, to a glass substrate. 

After 7 days of standing at room temperature, each bead was 
peeled off after making an incision into the interface and 
the adhesion property was evaluated. The state of rupture 

□ indicated cohesive failure of the cured composition. 

=320 The composition comprising the crosslinking silyl- 

S containing vinyl polymer of the present invention is 

H sufficient in adhesive property and can be used 

□ satisfactorily as a curable adhesive composition. 

025 Reference Example 11 
y Coatability 

Titanium oxide (10 weight parts), 100 weight parts of 

□ colloidal calcium carbonate, 40 weight parts of heavy 

II calcium carbonate and a reaction mixture of 3 weight parts 

xJ30 of stannous octoate and 0.75 weight part of laurylamine 

~l were added to 100 weight parts of the crosslinking silyl- 

□ containing poly ( n-butylacrylate ) obtained in Example 5 and, 
^ after thorough mixing, the mixture was made up into a 

sheet. On the next day following sheet preparation, the 
35 sheet was coated with an acrylic emulsion paint (Water-base 
Top, product of Nippon Paint) diluted with 10% of water. 
Coating was possible without any problem. 

Comparative Reference Example 8 
40 Coatability 

The same experiment as mentioned above in Reference 
Example 11 was performed using the crosslinking silyl- 
containing polydimethylsiloxane polymer obtained in 
Comparative Example 3 in lieu of the crosslinking silyl- 
containing poly (n-butyl acrylate) obtained in Example 5. 
The paint applied was immediately repelled. 

The composition comprising the crosslinking silyl- 
containing vinyl polymer of the present invention had 
sufficient coatability, unlike the composition comprising 
50 the silicone polymer. Therefore, it can be used as a 

curable composition such as a coatable sealant. 

44 



45 



Reference Example 12 
Ant i foul ing property 

Titanium oxide (10 weight parts), 100 weight parts of 
colloidal calcium carbonate, 40 weight parts of heavy 
5 calcium carbonate and a reaction mixture of 3 weight parts 
of stannous octoate and 0.75 weight part of laurylamine 
were added to 100 parts of the crosslinking silyl- 
containing poly (n-butyl acrylate) obtained in Example 5 
and, after thorough mixing, the mixture was filled into 
10 joints between granite pieces coated with a primer (No. 40, 
product of Yokohama Rubber), followed by outdoor exposure.' 
After the lapse of 8 months, the joints and the 
surroundings were still clean. 

15 Comparative Reference Example 9 

The same experiment as mentioned above in Reference 
Example 12 was performed using the crosslinking silyl- 
containing polydime t hy 1 s i 1 oxane polymer obtained in 
5 Comparative Example 3 in lieu of the crosslinking silyl- 

g20 containing poly(n-butyl acrylate) obtained in Example 5. 

O After the lapse of 8 months, the surroundings of the joints 

4 were found duskily stained. 

3 The composition comprising the crosslinking silyl- 

J containing vinyl polymer of the present invention protected 

g25 granites from fouling, unlike the composition in which the 
y silicone polymer was used. Therefore, it can be used as a 

curable composition such as a nonfouling sealant. 

fi Reference Example 13 

L |30 Adhesive composi t i on 

: ^ A crosslinking silyl-containing poly(n-butyl 

3 acrylate) (100 weight parts) obtained according to the same 

^ formulation as in Example 4 was admixed with 175 weight 

parts (70 weight parts of rosin ester) of a 40% toluene 
35 solution of a special rosin ester (Super Ester A-100 

product of Arakawa Chemical Industries) and 2 weight'parts 
of #918 (tin catalyst, product of Sankyo Yuki) and the 
mixture was applied to a PET film using a coater (100 m) 
After one day of standing at room temperature, the coated 
40 film was heated at 50 for a day. The bond strength upon 

180 peeling was determined according to JIS Z 0237 and was 
found to be 4.5 N/25 mm. 

The crosslinking silyl-containing vinyl polymer of 
the Present invention can be used as an adhesive. 

Example 7 

A 30-mL glass pressure reaction vessel is charged 
with butyl acrylate (5 mL , 4.47 g, 34.9 mmol), a , a < - 

SO ^ br n m ?n P " Xy !f ne (185 mg ' °- 7 ° mm0l) ' ^prous bromide (100 
50 mg, 0 70 mmol), 2 , 2 < -bipy r i dy 1 (217 mg, 1.40 mmol), ethyl 

acetate (4 mL) and acetonitrile (one mL). After dissolved 
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oxygen elimination by bubbling nitrogen gas for 10 minutes, 
the vessel is sealed, and the mixture is heated at 130 for 
2 hours to allow the reaction to proceed. After cooling 
the mixture, methyl-dimethoxysilylpropyl methacrylate (650 
5 mg, 2.8 mmol) is added and the reaction is allowed to 

proceed at 100 for 2 hours. After cooling, the mixture is 
diluted with ethyl acetate (20 mL ) , the resulting insoluble 
• matter is filtered off, and the filtrate is washed twice 
with ammonium chloride and once with brine. The organic 

10 layer is dried over Na 2 S0 4 and the volatile matter is 

distilled off under reduced pressure to give 4.78 g (90%) 
of methyldimethoxysilyl-terminated poly(butyl acrylate). 
The polymer has a number average molecular weight of 7,100 
(polystyrene equivalent) as determined by GPC, with a 

15 molecular weight distribution of 1.74. The number of silyl 
groups introduced per polymer molecule is 3.2 as determined 
by H NMR analysis. 

^ Example 8 

li§° A one-liter pressure reaction vessel is charged with 

q n-butyl _ acrylate (112 mL, 100 g, 0.78 mol), the hydroxyl- 

containing initiator obtained in Production Example 4 (3.07 
111 9' 15.6 mmol), cuprous bromide (2.24 g, 15.6 mmol), 2,2 f - 

:S bipyridyl (4.87 g, 31.2 mmol), ethyl acetate (89.6 mL) and 

;J5 acetonitrile (22.4 mL) and, after dissolved oxygen 

elimination by blowing with nitrogen gas for 10 minutes, 
^ the vessel is sealed. The mixture is heated at 130 for 

m one hour to allow the reaction to proceed. After cooling 

the reaction vessel to room temperature, 2 -hydr oxye thy 1 
;|0 methacrylate (3.92 mL, 4.06 g, 31.2 mmol) is added, and the 

reaction is allowed to proceed at 110 for one hour. The 
rz reaction mixture is diluted with ethyl acetate, the 

insoluble matter is filtered off, and the filtrate is 
washed three times with 10% hydrochloric acid and once with 
35 brine. The organic layer is dried over Na 2 S0 4 , and the 

solvent is distilled off under reduced pressures to give 82 
g of a hydroxyl-terminated poly(n-butyl acrylate). The 
polymer has a number average molecular weight of 5,900 
(polystyrene equivalent) as determined by GPC, with a 
40 molecular weight distribution of 1.35. 

Then, to a toluene solution (100 mL) of the thus- 
obtained, hydroxyl-terminated poly(n-butyl acrylate) (68 q) 
and pyridine (14 mL) is added dropwise slowly undecenoyl 
chloride (7 ' 2 mL ' 33 -° mmol) in a nitrogen atmosphere at 
45 75 • The reaction is allowed to proceed at 60 . The 

resulting white solid is filtered off. The organic layer 
is washed with dilute hydrochloric acid and brine, and 
dried over Na 2 S0 4 and concentrated under reduced pressures 
to give an alkenyl-terminated poly(n-butyl acrylate) (64 
50 g) - To a toluene solution of the polymer is added aluminum 

4 6 



silicate (Kyowa Chemical's Kyowaad 700PEL). The solution 
is stirred at the refluxing temperature to thereby remove 
the trace impurities in the polymer. The number of alkenyl 
groups introduced per oligomer molecule is 2.8 as 
5 determined by "^H NMR analysis. 

A 100-mL glass pressure reaction vessel is charged 
with the above polymer (25.3 g) , dimethoxy-methylsilane 
(4.8 itiL, 38.7 mmol), methyl orthoformate (1.4 mL, 12.9 
mmol), and platinum catalyst- The amount of the platinum 

- 4 

10 catalyst used is 10 equivalent by molar ratio relative to 
the alkenyl groups of the polymer. The reaction mixture is 
heated at 100 for 3 hours. The volatile matter of the 
mixture is distilled off under reduced pressures to give 
s i ly 1-terminated poly (n-butyl acrylate) . The number of 

15 silyl groups per oligomer molecule is 2.2 as determined by 

1 

H NMR analysis . 
!=! Reference Example 14 

,q The crosslinking silyl-terminated poly(butyl 

ijjO acrylate) (2.5 g) as synthesized in Example 7, and curing 

catalyst (Nitto Kasei 1 s U-220, 75 mg) are mixed up, cast 
i=\ into a mold, and defoamed at room temperature using a 

! : = reduced pressure drier. After stsanding at room 

temperature for 7 days, a uniform rubber-like cured product 
^5 is obtained. The gel fraction is 54%. 

;=i Reference Example 15 

Ifl Into the silyl-terminated poly (butyl acrylate) as 

-f ; i synthesized in Example 8 are added dibutyltin dimethoxide 

| Jo and water, followed by stirring thoroughly. The amount of 

]^ tin catalyst and water used are one part by weight relative 

57 to the polymer , respectively. 

The thus-obtained composition is cast into a mold, 
and defoamed under reduced pressures. After cured by 
35 heating at 50 for 20 hours, a uniform rubber-like cured 
sheet is obtained. This cured product is immersed in 
toluene for 24 hours and the gel fraction is determined 
from the weight change after and before immersion. The gel 
fraction is 88%. 

40 Dumbbell (No. 2(1/3)) is punched out from the rubber- 

like cured sheet and subjected to tensile testing 
(measurement condition: 23 , 200 mm/min) with Simazu' s 
autograph. The breaking strength is 0.32 Mpa and the 
breaking elongation is 34%. 
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Terminal alkenyl series 



Example 9 

50 A 30-mL glass pressure reaction vessel is charged 

47 



with butyl acrylate (2.5 mL, 2.24 g, 17.45 mmol), a,oc ! - 
dibromo-p-xylene (92.5 mg, 0.35 mmol), cuprous bromide (50 
mg, 0.35 mmol), 2 , 2 1 -b ipy r i dy 1 (163 mg, 1.05 mmol), ethyl 
acetate (2 mL) and acetonitrile (0.5 mL) . After dissolved 
oxygen elimination by blowing nitrogen gas for 10 minutes, 
the vessel is sealed, and the mixture is heated at 130 fo r 
an hour to allow the reaction to proceed. After cooling to 
room temperature, allyloxyethyl methacrylate obtained in 
Production Example 1 (600 mg, 3.5 mmol) is added in a 
nitrogen atmosphere, followed by sealing. The mixture is 
heated at 80 for an hour to allow the reaction to proceed. 
The reaction mixture is diluted with ethyl acetate (20 mL), 
the resulting insoluble matter is filtered off, and the 
filtrate is washed twice with dilute hydrochloric acid and 
once with brine. The organic layer is dried over Na 2 S0 4 
and the volatile matter is distilled off under reduced 
pressure to give 1.97 g (88% polymerization yield) of 
poly(butyl acrylate) having alkenyl groups at both ends, as 
represented by the formula shown below. The polymer has a 
number average molecular weight of 6,700 (polystyrene 
equivalent) as determined by GPC, with a molecular weight 
distribution of 1.60. The number of alkenyl groups 
introduced per oligomer molecule is 5.4 as determined by 1 H 
NMR anal y s i s . 
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Example 10 

5 A 30-mL glass pressure reaction vessel is charged 

with butyl acrylate (5 mL, 4.47 g, 34.9 mmol), a,a'- 
dibromo -p-xy 1 ene (180 mg , 0.69 mmol), cuprous bromide (98 
mg, 0.69 mmol), 2 , 2 ' -bipyr idyl (319 mg, 2.06 mmol), ethyl 
acetate (4 mL) and acetonitrile (1 mL). After dissolved 
10 oxygen elimination by blowing nitrogen gas for 10 minutes, 
the vessel is sealed. The reaction mixture is heated at 
130 for an hour to allow the reaction to proceed. After 
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cooling the mixture; allyltributyltin (0.51 mL, 1.64 mmol) 
is added in a nitrogen atmosphere and the reaction is 
allowed to proceed at 100 for an hour. The reaction 
mixture is diluted with ethyl acetate (20 mL), the 
5 resulting insoluble matter is filtered off, and the 

filtrate is washed twice with dilute hydrochloric acid and 
once with brine. The organic layer is dried over Na 2 S0 4 , 
and the volatile matter is distilled off under reduced 
pressure to give a mixture of poly (butyl acrylate) having 

10 alkenyl groups at both ends, as represented by the formula 
shown below, and bromot ributyl t in (4.48 g yield). The 
polymer has a number average molecular weight of 6,300 
(polystyrene equivalent) as determined by GPC, with a 
molecular weight distribution of 1.57. The number of 

15 alkenyl groups introduced per oligomer molecule is 2.2 as 

determined by 1 H NMR analysis. 
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*f0 Example 11 

^ A 30-mL glass pressure reaction vessel is charged 

^ with butyl acrylate (2.5 mL, 2.24 g, 17.45 mmol), the 

alkenyl-containing initiator obtained in Production Example 
^ 5 (165 mg, 0.698 mmol), cuprous bromide (100 mg , 0.698 

;J5 mmol), 2 , 2 T -bipyridyl (218 mg , 1.40 mmol), acetonitrile 
J (0.5 mL) and ethyl acetate (2 mL ) and, after dissolved 

^ oxygen elimination by blowing nitrogen gas for 10 minutes, 

the vessel is sealed. The mixture is heated at 130 for 50 
minutes to allow the reaction to proceed. After cooling to 
30 room temperature, the reaction mixture is diluted with 

ethyl acetate (20 mL), the resulting insoluble matter is 
filtered off, and the filtrate is washed twice with dilute 
hydrochloric acid and once with brine. The organic layer 
is dried over Na 2 S0 4 , and the volatile matter is distilled 
35 off under reduced pressure to give 1.90 g (79%) of 

poly(butyl acrylate) having an alkenyl group at one end and 
bromine at the other end. The polymer has a number average 
molecular weight of 3,600 (polystyrene equivalent) as 
determined by GPC, with a molecular weight distribution of 
1.51. The number of alkenyl groups introduced per oligomer 
molecule is 0.75 as determined by 1 H NMR analysis. 

Then, a 50-mL three-necked flask equipped with 
magnetic stirrer and reflux condenser is charged with the 
polymer obtained in the above manner (1.90 g) f Na 2 S9H 2 0 

50 

CH 3 



(70.2 mg, 0.293 mmol) and ethanol (3 mL), and the mixture 
is stirred at the refiuxing temperature for 3 hours. After 
cooling to room temperature, ethyl acetate (10 mL ) and 
dilute hydrochloric acid (10 mL) are added, and the mixture 
is allowed to separate into two layers. The organic layer 
is washed with dilute hydrochloric acid and brine and dried 
over Na 2 SC>4, and the volatile matter is distilled off under 
reduced pressure to give 1.69 g of poly (butyl acrylate) 
having alkenyl groups at both ends, as represented by the 
formula shown below. The polymer has a number average 
molecular weight of 5,100 (polystyrene equivalent) as 
determined by GPC, with a molecular weight distribution of 
1.73. 



Example 12 

A one-liter pressure reaction vessel is charged with 
n~butyl acrylate (112 mL, 100 g, 0.78 mol), the hydroxyl- 
containing initiator obtained in Production Example 4 (3.07 
g, 15.6 mmol), cuprous bromide (2.24 g, 15.6 mmol), 2,2 ! - 
bipyridyl (4.87 g, 31.2 mmol), ethyl acetate (90 mL) and 
acetonitrile (20 mL) and, after dissolved oxygen 
elimination by bubbling with nitrogen, the vessel is 
sealed. The mixture is heated at 130 for 2 hours to allow 
the reaction to proceed. After cooling the reaction vessel 
to room temperature, 2 -hydroxye thyl me thacryla te 1 (3.92 mL, 
4.06 g, 31.2 mmol) is added, and the reaction is allowed to 
proceed at 110 for 2 hours. The reaction mixture is 
diluted with ethyl acetate (200 mL ) , the insoluble matter 
is filtered off, and the filtrate is washed twice with 10% 
hydrochloric acid and once with brine. The organic layer 
is dried over Na2S04, and the solvent is distilled off 
under reduced pressure to give 82 g of a hydroxyl- 
terminated poly (n-butyl acrylate). The polymer has a 
number average molecular weight of 5,100 (polystyrene 
equivalent) as determined by GPC, with a molecular weight 
distribution of 1.29. 

Then, to a toluene solution (100 mL) of the thus- 
obtained hydroxy 1 -t erminated poly (n-butyl acrylate) (50 g) 
and pyridine (10 mL) is added dropwise slowly undecenoyl 
chloride (7,22 mL, 6.81 g, 33.6 mmol) in a nitrogen 
atmosphere at 75 . The resulting mixture is stirred at 
75 for 3 hours. The resulting white solid is filtered 
off, and the organic layer is washed with dilute 
hydrochloric acid and brine. The organic layer is dried 
over Na2SC>4 and concentrated under reduced pressure to give 
an alkenyl-terminated poly (n-butyl acrylate) (43 g) of the 
formula given below. The polymer has a number average 
molecular weight of 5,400 (polystyrene equivalent) as 
determined by GPC, with a molecular weight distribution of 
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1.30. The number of alkenyl groups introduced per oligomer 
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molecule is 2,28 as determined by "*"H NMR analysis 



5 Comparative Example 5 

Poly (n-butyl acrylate) having hydroxyl groups at both 
ends is synthesized according to Production Example 3 of 

52 
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Japanese Kokai Publication Hei - 0 6-2 1 1 92 2 . Thus, a 100-mL 
three-necked flask equipped with magnetic stirrer and 
dropping funnel is charged with 2 -hdy r oxy e thy 1 disulfide 
(30.8 g, 24.4 mL, 0.2 mol). The flask is heated to 100, 
5 and the mixture of n-butyl acrylate (12.8 g, 14.32 mL, 0.1 
mol) and AIBN ( a z ob i s i s obut y r on i t r i 1 e ) (0.328 g, 0.002 mol) 
is added dropwise over 30 minutes. The resulting mixture 
is further stirred at 100 for an hour. Toluene (20 mL) is 
then added, the mixture is allowed to stand in a separating 

10 funnel, and the lower layer is separated. The upper layer 
is washed three times with water and dried over Na 2 S0 4 , and 
the volatile matter is distilled off under reduced pressure 
to give poly (n-butyl acrylate) having hydroxyl groups at 
both ends (12.18 g, 95%). The polymer has a number average 

15 molecular weight of 4,300 (polystyrene equivalent) as 

determined by GPC, with a molecular weight distribution of 
4.22. 

^ Then, to a toluene solution (15 mL ) containing the 

thus-obtained hydroxyl-terminated poly (n-butyl acrylate) 
:jfeo (10.51 g) and pyridine (2 mL) is added dropwise slowly 

\~ undecenoyl chloride (0.898 mL, 848 mg, 4.18 mmol) in a 

^Zf nitrogen atmosphere at 60 , and the resulting mixture is 

stirred at 60 for 3 hours. The resulting white solid is 
Z Z filtered off, and the organic layer is washed with dilute 

;Jj5 hydrochloric acid and brine. The organic layer is dried 

over Na 2 S0 4 and concentrated under reduced pressure to give 
H an alkenyl-terminated poly(n-butyl acrylate) of the formula 

^ shown below (7.45 g). The polymer has a number average 

y molecular weight of 4,400 (polystyrene equivalent) as 

tJ30 determined by GPC, with a molecular weight distribution of 

4.31. 

Re f e rence Ex amp les 16-19 and 

Comparative Reference Example 10 
35 Production of cured products 

The poly(butyl acrylate) having alkenyl groups at 
both ends as obtained in Examples 9-12 and Comparative 
Example 5 are each dissolved in toluene. Aluminum silicate 
(Kyowa Chemical's Kyowaad 700PEL) is added to this solution 
in an amount equal to the amount of the polymer, and the 
mixture is stirred for an hour to thereby remove the trace 
impurities in the polymer . 

Then, each poly(butyl acrylate) thus purified is 
thoroughly mixed with a polyvalent hydrogens i 1 i con compound 
of the formula shown below and platinum ( 0 ) -1, 1, 3, 3- 
tetramethyl-1 , 3 - di vi ny 1 di s i 1 oxane complex (8.3 x 10" 8 mol/L 
xylene solution) . The polyvalent hydrogens i 1 i con compound 
1S used in an amount such that the mole ratio of the 
alkenyl group of the polymer and the hydrosilyl group of 
the hydrogensilicon compound amounted to 1/1.2, and the 
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platinum catalyst is used in a mole ratio of 10 4 to 

- 3 

10 equivalent relative to the alkenyl group of the 
polymer . 

A portion of each composition thus obtained is 
subjected to curing testing on a hot plate at 130 and the 
gel time is measured. The remaining portion of the 
composition is degassed under reduced pressure and then 
poured into a mold and cured by heating to give a rubber- 
like cured product. The cured product is immersed in 
toluene for 24 hours. The weights before and after 
immersion are measured and the gel fraction is determined 
based on the change in weight. The results thus obtained 
are shown in Table 3 . 



s. a Si o 
h < h 

Table 3 





Polymer 


Pt cat. 

(mol %) 


Gel time 
at 130 


Curing 
cond . 


Gel fra- 
ction ( % ) 


Ref . 
Ex . 


Ex . 9 


10~ 3 


3 min . 


100 
15 hrs 


51 


Ref . 
Ex . 


Ex . 10 


io~ 3 


2 5 min . 


100 
18 hrs 


40 


RefV 7 
Ex . 


Ex . 11 


io" 3 


4 min . 


100 
18 hrs 


77 


Rig. 
Ex . 19 


Ex . 12 


lO" 4 


8 sec. 


100 
14 hrs 


84 


Compar . 
Ref. 10 


Compar . 
Ex . 10 


10~ 3 


No 

gelation 


130 
2 hrs 


No 

gelation 



Example 13 

Example 9 is 



repeated except that methyl 
54 



acrylate is 



used in lieu of n-butyl acrylate, to thereby an alkenyl- 
terminated poly (methyl acrylate) (93% yield). The polymer 
has a number average molecular weight of 7,900 (polystyrene 
equivalent) as determined by GPC, with a molecular weight 
5 distribution of 2.0. The number of alkenyl groups 

introduced per oligomer molecule is 3.3 on average upon "^H 
NMK analysis . 

Example 14 

10 In a 500-mL three-necked flask equipped with a reflux 

condenser, n-butyl acrylate (300 mL) is polymerized at 
70 in an nitrogen atmosphere using a catalyst cuprous 
bromide (1.50 g, 10.5 mmol), a ligand 

pentame thyldi ethylene tr iamine (1.65 mL) , a initiator 
15 diethyl 2 , 5-dibromoadipate (9.42 g, 26.2 mmol), and a 

solvent acetonitrile (30 mL) . When the polymerization rate 
of n-butyl acrylate is 93%, 1 , 7 -octadiene (38.6 mL, 0.261 
mol) is added. The mixture is heated at the same 
O temperature, and then is diluted with ethyl acetate. The 

'•M20 solution is passed through an activated alumina column for 
ly removing the catalyst. Its volatile matter is distilled 

""'4 off to give an al kenyl -terminated polymer. The polymer has 

P a number average molecular weight of 13,800 (polystyrene 

IU equivalent) as determined by GPC, with a molecular weight 

*U2 5 distribution of 1.28. The number of alkenyl groups 
~ 4 introduced per oligomer molecule is 1.84 upon 1 H NMR 

analysis . 

yl Example 15 

1^30 A 30-mL glass pressure reaction vessel is charged 

]Z with n-butyl acrylate (7.5 mL, 6.72 g, 51.3 mmol), a,a T - 

J": dibromo-p-xylene ( 270 mg , 1.03 mmol), cuprous bromide (150 

mg, 1.03 mmol), 2 , 2 1 -bipyr idy 1 (323 mg, 2.06 mmol), ethyl 
acetate (6 mL) and acetonitrile (1.5 mL ) . After dissolved 

35 oxygen elimination by blowing nitrogen gas for 10 minutes, 

the reaction vessel is sealed. The mixture is heated at 
130 for 1.5 hours to allow the reaction to proceed. The 
reaction mixture is diluted with ethyl acetate (20 mL ) , the 
resulting insoluble matter is filtered off, and the 

40 filtrate is washed twice with dilute hydrochloric acid and 
once with brine. The organic layer is dried over Na2SC>4, 
and the volatile matter is distilled off under reduced 
pressures to give 5.0 g (75% polymerization yield) of a 
halogen- terminated poly (n-butyl acrylate) . The polymer has 

45 a number average molecular weight of 5,600 (polystyrene 

equivalent) as determined by GPC, with a molecular weight 
distribution of 1.32. 

In a nitrogen atmosphere, the above polymer (5.00 g), 
potassium undecylenate synthesized in Production Example 2 

50 (476 mg, 2.14 mmol), and dimethylace tamide (10 mL) are 
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allowed to react at 70 for 6 hours. The volatile matter 
of the mixture is distilled off under reduced pressures, 
and after adding ethyl acetate, the insoluble matter is' 
filtered off. The volatile matter of the filtrate is 
5 distilled off under reduced pressures to give 4.77 g of an 

alkenyl-terminated poly(n-butyl acrylate). The number of 
alkenyl groups introduced per oligomer molecule is 1.70 
upon H NMR analysis. 

10 Example 16 

In the same manner as in Example 15, n-butyl acrylate 
(300 mL) is polymerized at 70 in an nitrogen atmosphere 
using a catalyst cuprous bromide (1.50 g, 10.5 mmol), a 
ligand pentamethyldie thylenetr iamine (0.69 mL ) , a initiator 
15 diethyl 2 , 5 - dibromoadipa t e (9.42 g, 26.2 mmol), and a 

solvent acetonitrile (30mL), to thereby give an halogen- 
terminated poly (n-butyl acrylate). The polymer has a 
_ number average molecular weight of 11,300 (polystyrene 

jf equivalent) as determined by GPC, with a molecular weight 

Jf20 distribution of 1.16. 

~ Next, Example 15 is repeated except that potassium 

Jzj pentenoate prepared in Production Example 3 is used as 

~ carboxylic salt, to thereby an alkenyl-terminated poly(n- 

pf butyl acrylate) . The number of alkenyl groups introduced 

^25 per oligomer molecule is 1.84 upon 1 H NMR analysis. 

= ; Example 17 

S A 30-mL glass pressure reaction vessel is charged 

y with n-butyl acrylate (5 mL, 4.47 g, 34.9 mmol), a , a ' - 

^30 dibromo-p-xylene (180 mg, 0.69 mmol), cuprous bromide (98 
□ m 9' °- 69 mmol), 2, 2 ' -bipyridyl (319 mg , 2.06 mmol), ethyl 

^ acetate (4 mL) and acetonitrile (one mL) . After dissolved 

oxygen elimination by blowing nitrogen gas for 10 minutes, 
the reaction vessel is sealed. The mixture is heated at 
35 130 for one hour to allow the reaction to proceed. After 

cooling the mixture, allyl t ributyltin (0.51 mL, 1.64 mmol) 
is added in a nitrogen atmosphere and the reaction is 
allowed to proceed at 100 for one hour. The reaction 
mixture is diluted with ethyl acetate (20 mL), the 
resulting insoluble matter is filtered off, and the 
filtrate is washed twice with dilute hydrochloric acid and 
once with brine. The organic layer is dried over Na 2 S0 4 , 
and the volatile matter is distilled off under reduced 
pressures to give a mixture of an alkenyl-terminated 
poly(n-butyl acrylate) and br omo t r ibut y 1 t in (4.48 g yield). 
The polymer has a number average molecular weight of 6,300 
(polystyrene equivalent) as determined by GPC, with a 
molecular weight distribution of 1.57. The number of 
alkenyl groups introduced per oligomer molecule is found to 
50 be 2.2 upon H NMR analysis. 
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Example 18 

A 30-mL glass pressure reaction vessel is charged 
with methyl acrylate (5 raL , 4.78 g, 55.5 mmol), allyl 2- 
5 methyl-2-bromopropionate (0.354 mL, 460 mg, 2.22 mmol), 

cuprous bromide (318 mg, 2.22 mmol), 2 , 2 ' -bipyr idy 1 ( 1 '. 0 4 
g, 6.66 mmol), acetonitrile (one mL), and ethyl acetate (4 
. mL) . After dissolved oxygen elimination by carrying out 
vacuum degassing three times, the reaction vessel is 
10 sealed. The mixture is heated at 80 for 3 hours to allow 
the reaction to proceed. After cooling the mixture to the 
room temperature, the reaction mixture is diluted with 
ethyl acetate (20 mL), the resulting insoluble matter is 
filtered off, and the filtrate is washed twice with dilute 
15 hydrochloric acid and once with brine. The organic layer 
is dried over Na 2 S0 4 , and the volatile matter is distilled 
off under reduced pressures to give 3.93 g (75%) of a 
poly(methyl acrylate) having an alkenyl group at one end 
»J and bromine at the other end. The polymer has a number 

;^0 average molecular weight of 2,700 (polystyrene equivalent) 
as determined by GPC, with a molecular weight distribution 
of 1-48. The number of alkenyl groups introduced per 
j=J oligomer molecule is 0.81 upon 1 H NMR analysis. 

If- Then, a 50-mL three-necked flask equipped with 

,=25 magnetic stirrer and reflux condenser is charged with the 
. ' polymer obtained in the above manner (1.17 g), Na 2 s 9H 2 0 

P (57.6 mg, 0.240 mmol) and ethanol (2 mL ) , and the mixture 

in is stirred at the refluxing temperature for 3 hours. After 

hJ cooling to room temperature, ethyl acetate (10 mL ) and 

{JO dilute hydrochloric acid (10 mL) are added, and the mixture 
0 is allowed to separate into two layers. The organic layer 

^ is washed with dilute hydrochloric acid and brine and dried 

over Na 2 S0 4 , and the volatile matter is distilled off under 
reduced pressures to give 1.11 g of an a 1 keny 1 - te rminat ed 
35 poly(methl acrylate). The polymer has a number average 
molecular weight of 4,200 (polystyrene equivalent) as 
determined by GPC, with a molecular weight distribution of 

40 Example 19 

A one-liter pressure reaction vessel is charged with 
n-butyl_ acrylate (112 mL, 100 g, 0.78 mol), the hydroxyl- 
contammg initiator obtained in Production Example 4 (3 07 
g, 15.6 mmol), cuprous bromide (2.24 g, 15.6 mmol), 2,2'- 
45 • bxpyndyl (4.87 g, 31.2 mmol), ethyl acetate (90 mL) and 
acetonitrile (22 mL) and, after dissolved oxygen 
elimination by bubbling with nitrogen, the vessel is 
sealed. The mixture is heated at 130 for 2 hours to allow 
the reaction to proceed. After cooling the reaction vessel 
to room temperature, 2 -hydroxyethyl methacrylate (3 92 mL 
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4.06 g, 31.2 mmol) is added, and the reaction is allowed to 
proceed at 110 for 2 hours. The reaction mixture is 
diluted with ethyl acetate (200 mL ) , the insoluble matter 
is filtered off, and the filtrate is washed twice with 10% 
hydrochloric acid and once with brine. The organic layer 
is dried over Na 2 S0 4 , and the solvent is distilled off 
under reduced pressure to give 82 g of a hydroxyl- 
terminated poly(n-butyl acrylate). The polymer has a 
number average molecular weight of 5,100 (polystyrene 
equivalent) as determined by GPC, with a molecular weight 
distribution of 1.29. 

Then, to a toluene solution (100 mL) of the thus- 
obtained hydroxyl-terminated poly (n-butyl acrylate) (50 g) 
and pyridine (10 mL ) is added dropwise slowly undecenoyl 
chloride (7.22 mL, 6.81 g, 33.6 mmol) in a nitrogen 
atmosphere at 75 . The resulting mixture is stirred at 
75 for 3 hours. The resulting white solid is filtered 
off, and the organic layer is washed with dilute 
hydrochloric acid and brine. The organic layer is dried 
over Na 2 S0 4 and concentrated under reduced pressure to give 
an alkenyl-terminated poly (n-butyl acrylate) (43 g). 

Reference Examples 20-29 
Production of cured products 

The alkenyl-terminated polymers obtained in Examples 
13-19 are each treated with aluminum silicate (Kyowa 
Chemical 's Kyowaad 700PEL) to thereby remove the trace 
impurities in the polymer. 

Then, each polyfester acrylate) thus purified is 
thoroughly mixed with a polyvalent hydrogens i 1 i con compound 
and platinum (0) -1,1, 3, 3- t e t r ame thy 1 - 1 , 3 -di viny 1 di - s i 1 oxane 
complex (8.3 x 10 8 mol/L xylene solution). Here, as the 
polyvalent hydrogens i 1 i con compound used is the compound 
(S-l) or (S-2) of the formula shown below or 

methylhydrogensiloxane (S-3: SiH value, 7.69 mmol/g) partly 
modified with a-methylstyrene. The polyvalent hydro- 
gensilicon compound is used in an amount such that the mole 
ratio of the alkenyl group of the polymer and the 
hydrosilyl group of the hydrogens i 1 i con compound amounted 
to 1/1.2-1/1.5, and the platinum catalyst is used in a 
required amount relative to the alkenyl group of the 
polymer . 

A portion of each composition thus obtained is 
subjected to curing testing on a hot plate at 130 and the 
gel time is measured. The remaining portion of the 
composition is degassed under reduced pressure and then 
poured into a mold and cured by heating at 100 to give a 
rubber-like cured product. The cured product is immersed 
xn toluene for 24 hours. The weights before and after 
immersion are measured and the gel fraction is determined 
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based on the change in weight. The results thus obtained 
are shown in Table 4. 
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Table 4 



Ref . 
Ex . 


roi yiue it 


Hydrogen 
silicon 


Pt cat. 
(mol %) 


Gel time 
at 130 


Gel fra- 
ction ( % ) 


Ref. 
Ex . 




o — 1 


10~ 3 


4 5 sec . 


55 


Ref . 
Ex . 


Ex 1 4 


o — _L 


/ X 1 0 


15 sec . 


No data 


Ref 4 1 
Ex . 


F v 14 
A « ± ft 


o - Z 


7x10 3 


21 sec. 


No data 


Ex . 


Ex . 14 


c _ o 

o o 


/ X 1 u 


2 6 sec. 


No data 


Ref^ 
Ex . 


Ex . 15 


C _ 1 
O J. 


1 u 


60 sec . 


85 


Ex . 25 


Ex . 16 




1 0 


92 sec . 


70 


Ref . 
Ex . 2 6 


Ex . 1 6 


S-3 


_ - 4 

10 


2 6 sec. 


90 


Ref . 
Ex. 27 


Ex. 17 


S - 1 


in" 3 

± V 


zo sec. 


4 0 


Ref . 
Ex . 2 8 


Ex . 18 


S-l 


10" 3 


120 sec. 


40 


Ref . 
Ex . 2 9 


Ex . 19 


S-l 


10~ 4 


8 sec . 


84 



Terminal hydroxyl series 
Example 20 

hllMll A 3 °: mL Pressure reaction vessel is charged with n- 
butyl acrylate (5 mL, 4.47 g, 34.9 mmol), the hydroxyl- 

^ TS g :: n iat ° r obtained in Production ExamplH (138 
mg 0 698 mmol), cuprous bromide (100 mg, 0.698 mmol) 
2,2'-b lp yrxdyl (218 mg, 1.40 mmol), ethyl acetate (4 mL) 
and acetonitrile (one mL), and after dissolved oxygen 
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elimination by bubbling with nitrogen, the vessel is 
sealed. The mixture is heated at 130 for 2 hours to allow 
the reaction to proceed. The reaction vessel is then 
cooled to room temperature, 2-hydroxyethyl methacrylate 
(0.176 mL, 182 mg, 1.40 mmol) is added, and the reaction is 
allowed to proceed at 100 for 2 hours. The reaction 
mixture is diluted with ethyl acetate (20 mL) , the 
insoluble matter is filtered off, and the filtrate is 
washed twice with 10% hydrochloric acid and once with 
brine. The organic layer is dried over Na 2 S0 4 , and the 
solvent is distilled off under reduced pressure to give 
4.44 g (93% yield) of an hydroxy 1 -te rminated poly(n-butyl 
acrylate) having the formula shown below. The polymer has 
a number average molecular weight of 6,100 (polystyrene 
equivalent) as determined by GPC, with a molecular weight 
distribution of 1.32. The number of hydroxyl groups per 
polymer molecule is on average 3.3 as determined by NMR 
measurement. The viscosity of this polymer as determined 
by using an E type viscometer (shear rate: 10 sec" 1 , 23 ) 
is 3 8 8 poises . 

QH 3 

HO -( CH 2)2-0- C ^-(CH 2 -CH) n -(CH r (p) m .Br 

CH 3 C0 2 Bu C0 2 -(CH 2 ) 2 "OH 

Comparative Example 6 

Poly (n-butyl acrylate) having hydroxyl groups at both 
ends is synthesized according to Example 1 of Japanese 
Kokai Publication He i - 0 5 -2 62 8 0 8 . Thus, a 100-mL three- 
necked flask equipped with magnetic stirrer and dropping 
funnel is charged with 2-hydroxyethyl disulfide (30.8 g, 
24.4 mL, 0.2 mol). The flask is heated to 100, and a 
mixture of n-butyl acrylate (12.8 g, 14.32 mL , 0.1 mol) and 
AIBN (0.328 g, 0.002 mol) is added dropwise over 30 
minutes. The mixture is further stirred at 100 for an 
hour. Toluene (20 mL) is then added, the mixture is 
allowed to stand in a separating funnel, and the lower 
layer is separated. The upper layer is washed three times 
with water and dried over Na 2 S0 4 , and the volatile matter 
is distilled off under reduced pressure to give a poly(n- 
butyl acrylate) having hydroxyl groups at both ends (12 18 
V* l 5 Vn'n pol ^ mer has a number average molecular weight 

of 4,300 (polystyrene equivalent) as determined by GPC 
with a molecular weight distribution of 4.22. The 
viscosity of this polymer as determined by using an E type 
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viscometer (shear rate: 10 sec , 23 ) is 490 poises. The 
average number of hydroxyl group per polymer molecule is 
1.42 as determined by 1 H NMR analysis* 

Such properties of the polymers obtained in Example 
20 and Comparative Example 6 are summarized in Table 5. 



Table 5 



Pol yme r 


Mol . Weight 
(Mn) 


Mol . weight 
distribution 
(Mw/Mn) 


Viscosity 
( po i s e s ) 


Example 20 


6,100 


1 . 32 


388 


Compar . 
Example 6 


4,300 


4 .22 


490 



The polymer of Example 20 has lower viscosity despite 
of considerately higher number average molecular weight as 
compared to that of Comparative Example 6. This clarifies 
the superiority of the polymer of the present invention, 
which has narrow molecular weight distribution. 

Reference Example 30 and Comparative Reference Example 11 
Production of urethane cured products 

The poly (n-butyl acrylate) having hydroxyl groups at 
both ends as obtained in Example 20 and Comparative Example 
6 are each thoroughly mixed with a trif unctional isocyanate 
compound (Ipposha Yushi's B-45) having the formula shown 
below and a tin catalyst (Nitto Kasei's U-220, dibutyltin 
diacet ylacet ona te ) . The mixing ratio is such that the mole 
ratio between the hydroxyl group of the (meth) acrylic 
polymer and the isocyanate of the isocyanate compound 
amounted to 1/1. The tin catalyst is used in an amount of 
0.1 part by weight per 100 parts by weight of the polymer. 

Each mixture prepared in the above manner is degassed 
under reduced pressure, then poured into a mold, and cured 
by heating at 80 for 15 hours. A portion of the sheet- 
form cured product obtained is immersed in toluene for 24 
hours. The weights before and after immersion are measured 
and the gel fraction is determined based on the change in 
weight. Dumbbells (No. 3) according to JIS K 6301 are 
punched out from the sheet-form cured product and subjected 
to tensile testing at a rate of pulling of 200 mm/min. The 
results thus obtained are shown in Table 6. 
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Table 6 









Breaking 


Elonga- 


Gel 






Polymer 


strength 


t ion 


fraction 








2 

{ kgf / cm ) 


(%) 


(%) 




Ref. Ex. 

30 


Ex . 20 


25 . 3 


157 


91 




Compar . 
Ref. Ex. 


Compar . 
Ex . 6 


19.1 


127 


82 



= "5 



i^z Reference Example 30 is more excellent than 

ip Comparative Reference Example 11 in breaking strength, 

YA elongation, and gel fraction. This clarifies the 

71 improvement in the polymer of the invention. 

j|o 

^ Example 21 

Synthesis of hydroxyl-terminated poly (n-butyl acrylate) 

A one-liter pressure reaction vessel is charged with 
n-butyl acrylate (112 mL , 100 g, 0.78 mol), the hydroxyl- 

15 containing initiator obtained in Production Example 4 (3.07 
g, 15.6 mmol), cuprous bromide (2.24 g, 15.6 mmol), 2,2 T - 
bipyridyl (4.87 g, 31.2 mmol), ethyl acetate (90 mL) and 
acetonitrile (20mL) . After dissolved oxygen elimination by 
bubbling with nitrogen, the reaction vessel is sealed. The 

20 mixture is heated at 130 for 2 hours to allow the reaction 
to proceed. The reaction vessel is cooled to room 
temperature, 2 -hydroxy ethyl methacrylate (3.92 mL, 4.06 g, 
31.2 mmol) is added, and the reaction is allowed to proceed 
at 110 for 2 hours. The reaction mixture is diluted with 

25 ethyl acetate (200 mL) , the insoluble matter is filtered 

off, and the filtrate is washed with 10% hydrochloric acid 
and with brine. The organic layer is dried over Na2S04, 
and the solvent is distilled off under reduced pressure to 
give 82 g of a hydroxyl-terminated poly (n-butyl acrylate). 
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The viscosity of this polymer is 25 Pa . s . The polymer has 
a number average molecular weight of 5,100 (mobile phase: 
chloroform, polystyrene equivalent) as determined by GPC* 
with a molecular weight distribution of 1.29. Its 1 H NMR 
analysis showed that the polymer contained, on an average, 
2.39 hydroxyl groups per molecule. 

Synthesis of crosslinking s i lyl -terminated poly(n-bu tyl 
acrylate ) ~~ " ' ™ 

The hydroxyl-terminated poly(n-butyl acrylate) 
obtained above (4.94 g, OH = 2.30 mmol) is dehydrated by 
azeotropy at 50 in the presence of toluene. To this are 
added tin octynate (4.9 mg) and toluene (6 mL ) , and then 
methyldimethoxysilylpropyl isocyanate (0.524 g, 2.77 mmol) 
is added dropwise at 50 . After completion of addition, 
the reaction temperature is raised to 70 , with continuing 
reaction for 4 hours. It is concluded that there are no 
hydroxyl groups unreacted because the signal (3.8 ppm) of 
methylene group bound to hydroxyl group is disappeared in 

H NMR. The volatile matter is distilled off under reduced 
pressures to give a crosslinking s i 1 y 1 - t ermi na t ed poly(n- 
butyl acrylate). The viscosity of this polymer is 22 Pa . s . 
The polymer has a number average molecular weight of 4,900* 
(mobile phase: chloroform, polystyrene equivalent) as 
determined by GPC, with a molecular weight distribution of 
1.60. 



Reference Example 31 

One hundred parts by weight of the crosslinking 
silyl-terminated polymer as obtained in Example 21 is mixed 
with one part by weight of dibutyltin diacethylace tona t e , 
cast into a mold, and defoamed at room temperature using a 
reduced pressure drier. After cured by heating at 50 for 
20 hours, a uniform rubber-like cured sheet is obtained 
The gel fraction is 93% as obtained by toluene extraction 

Dumbbell (No. 2(1/3)) is punched out from the rubber- 
like cured sheet and subjected to tensile testing (200 
mm/min) with autograph. The breaking strength is 0.31 Mpa 
and the breaking elongation is 35%. 

C omp arative Example 7 

Synthes is of crosslinking silyl-terminated poly(n-bu tvl 
acrylate) using hydroxyl-containing disulfide" 

The hydroxyl-terminated poly(n-butyl acrylate) 
obtained in Comparative Example 6 (4.52 g, OH = 1 85 mmol) 
is dehydrated by azeotropy at 50 in the presence of 
toluene. To this are added tin octynate (4.52 mg ) and 
toluene (6 mL) , and then methyldimethoxysilylpropyl 
isocyanate (0.421 g, 2.22 mmol) is added dropwise at 50 
After completion of adding, the reaction temperature is 
raised to 70 , with continuing reaction for 4 hours. It is 
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concluded that there are no hydroxyl groups unreacted 
because the signal (3.8 ppm) of methylene group bound to 
hydroxyl group is disappeared in 1 R NMR. The volatile 
matter is distilled off under reduced pressures to give a 
crosslinking silyl-terminated poly(n-butyl acrylate). The 
viscosity of this polymer is 53 Pa.s. The polymer has a 
number average molecular weight of 4,700 (mobile phase: 
chloroform, polystyrene equivalent) as determined by GPC, 
with a molecular weight distribution of 3.71. ' 

Comparative Reference Example 12 

One hundred parts by weight of the crosslinking 
silyl-terminated polymer as obtained in Comparative Example 
7 is mixed with one part by weight of dibutyltin 
diacethylacetonate, cast into a mold, and defoamed at room 
temperature using a reduced pressure drier. After cured by 
heating at 50 for 20 hours, a uniform rubber-like cured 
sheet is obtained. The gel fraction is 82% as obtained by 
toluene extraction. The extract is concentrated to measure 
H NMR, but there are no crosslinking silyl groups. 

Dumbbell (No. 2(1/3)) is punched out from the rubber- 
like cured sheet and subjected to tensile testing (200 
mm/min) with autograph. The breaking strength is 0.21 Mpa 
and the breaking elongation is 93%. 



Example 22 

A 30-mL pressure reaction vessel is charged with n- 
butyl acrylate (5 mL, 4.47 g, 34.9 mmol), a, a • -dibromo-p- 
xylene (185 mg, 0.70 mmol), cuprous bromide (100 mg, 0 70 
ySO mmol), 2 , 2 ' -bipyr idyl (326 mg , 2.10 mmol), ethyl acetate (■ 
mL) and acetonitrile (one mL) and, after dissolved oxygen 
elimination by bubbling with nitrogen for 10 minutes, the 
vessel is sealed. The mixture is heated at 130 f o r 3 
hours to allow the reaction to proceed. After cooling the 
35 reaction vessel to room temperature, 2 -hydr oxye thy 1 

methacrylate (0.352 mL, 364 mg , 2.80 mmol) is added and, 
after sealing, the reaction is allowed to proceed at 8o' 
for 2 hours. The reaction mixture is diluted with ethvl 
acetate (20 mL) , and the filtrate is washed with three 
40 portions of 10% hydrochloric acid and with one portion of 
brine. The organic layer is dried over Na 2 S0 4 , and the 
solvent is distilled off under reduced pressure to give 
4.11 g (82%) of a hydroxyl-terminated poly(n-butyl 
acrylate) having the formula shown below. The polymer has 
45 a number average molecular weight of 5,900 (polystyrene 

equivalent) as determined by GPC, with a molecular weight 
distribution of 1.45. Its 2 H NMR analysis showed that the 
polymer contained, on an average, 3.2 hydroxyl groups per 
molecule. r r 

50 
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Example 23 

A modification of poly (n-butyl acrylate) (6.96 g, 75% 
5 yield) is obtained in the same manner as in Example 20 

except that n-butyl acrylate is used in an amount of 10 mL. 
The number average molecular weight of the polymer as 
determined by GPC (polystyrene basis) is 8,300 with 
molecular weight distribution of 1.32. According to NMR 
10 spectrometry, the polymer contained, on an average, 2.2 
hydroxyl groups per molecule. 

Example 24 

A modification of poly (n-butyl acrylate) (5.75 g, 82% 
15 yield) is obtained in the same manner as in Example 20 

except that n-butyl acrylate is used in an amount of 7.5 
mL . The number average molecular weight of the polymer as 
determined by GPC (polystyrene basis) is 7,500 with 
3 molecular weight distribution of 1.36. According to NMR 

20 spectrometry, the polymer contained, on an average, 2.1 
n hydroxyl groups per molecule. 

Example 2 5 

=1 A 50-mL pressure reaction vessel is charged with n- 

f? 5 butyl ^ acrylate (10.94 mL , 9.78 g, 76.3 mmol), the hydroxyl- 
Q containing initiator obtained in Production Example 4 (301 

mg, 1.53 mmol), cuprous bromide (219 mg, 1.53 mmol), 2,2 f - 
3 bipyridyl (476 mg, 3.05 mmol), ethyl acetate (8.8 mL) and 

p s acetonitrile (2.2 mL) and, after dissolved oxygen 

*j*0 elimination by bubbling with nitrogen, the vessel is 

2 sealed. The mixture is heated at 130 for 1.3 hours to 

^ allow the reaction to proceed. The reaction mixture is 

2 diluted with ethyl acetate (20 mL) , and the filtrate is 

washed three times with 10% hydrochloric acid and once with 
35 brine. The organic layer is dried over Na 2 S0 4 , and the 
solvent is distilled off under reduced pressure to give 
5.23 g (53%) of a poly(n-butyl acrylate) having a hydroxyl 
group at one end. The polymer has a number average 
molecular weight of 3,400 (polystyrene equivalent) as 
40 determinedly GPC, with a molecular weight distribution of 

1.31. Its H NMR analysis showed that the polymer 
contained, on an average, 1.09 hydroxyl groups per 
molecule . 

Then, a 50-mL three-necked flask equipped with 
45 magnetic stirrer and reflux condenser is charged with the 
poly(n-butyl acrylate) having a hydroxyl group at one end 
obtained in the above manner (2.15 g), Na 2 S 9H 2 0 (76.3 mg, 
0.318 mmol) and ethanol (3 mL), and the mixture is stirred 
at the refluxing temperature for 3 hours. After cooling to 
50 room temperature, ethyl acetate (5 mL) and 10% hydrochloric 
acrd (5 mL) are added, and the mixture is allowed to 
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separate into two layers. The organic layer is washed with 
10% hydrochloric acid and brine and dried over Na2S0 4 , and 
the volatile matter is distilled off under reduced pressure 
to give 1.93 g of a poly (n~butyl acrylate) having hydroxyl 
groups at both ends, as represented by the formula shown 
below. The polymer has a number average molecular weight 
of 5,700 (polystyrene equivalent) as determined by GPC, 
with a molecular weight distribution of 1.39. 



? 

HO-(CH 2 ) 2 -0- C ^ (CH r (j;H) n -~ 

CH 3 C0 2 Bu 



10 



115 



"^20 



]=*25 



30 



Reference Example 32-35 J 
Production of cured products 

The poly(n-butyl acrylate) having hydroxyl groups at 
both ends as obtained in Examples 22-25 are each thoroughly 
mixed with a t rif unct ional isocyanate compound (Ipposha 
Yushi 1 s B-45) having the formula shown below and a tin 
catalyst (Nitto Kasei ' s U-220, dibutyltin diacetyl- 
acetonate) . The mixing ratio is such that the mole ratio 
between the hydroxyl group of the (meth) acrylic polymer and 
the isocyanate of the isocyanate compound amounted to 1/1. 
The 'tin catalyst is used in an amount of 0.1 part by weight 
per 100 parts by weight of the polymer. 

Each mixture is degassed under reduced pressure, then 
poured into a mold, and cured by heating at 80 for 15 
hours. A portion of the cured product obtained is immersed 
in toluene for 24 hours. The weights before and after 
immersion are measured and the gel fraction is determined 
based on the change in weight. The results thus obtained 
are shown in Table 7. 



CH3GH2 
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Ref. Ex. 


32 


33 


34 


35 


Pol yme r 


Ex . 22 


Ex . 23 


Ex . 24 


Ex. 25 


Gel frac- 
tion (%) 


71 


62 


77 


89 



Example 26 

5 A 100-mL reactor is charged with n-butyl acrylate (20 

mL, 1.79 g, 0.140 mmol), diethyl 2 , 5-dibromoadipat e (0.628 
g, 1.74 mmol), cuprous bromide (225 mg, 1.57mmol), 
pent ame thy Idiehty lene t r iamine (0.328 mL, 0.272 g, 1.57 
mmol) f and toluene (2.0 mL ) . After carrying out freeze 
10 degassing, the reactor is purged with nitrogen. The 

mixture is heated at 70 to allow the reaction to proceed 
for 45 minutes. At this time, the conversion rate of the 
.a monomer is 82%. The reaction mixture is diluted with ethyl 

S acetate, and then the solution is passed through an 

yl5 activated alumina column for removing copper catalyst to 
=1 obtain a br omine - 1 e rmina t ed poly (n-butyl acrylate) . The 

polymer obtained has a number average molecular weight of 
'ii 10, 2 00 and a molecular weight distribution of 1.44. 

;j In N f N-dime thylace t amide (10 mL) are mixed the 

; "20 poly(n-butyl acrylate) obtained (5.00 g) and sodium 4- 
;^ hydr oxybut anoa t e , and the solution is stirred at 70 fo r 3 

jrj hours. The reaction solution is diluted with ethyl acetate 

i H s and washed with water. The volatile matter of the organic 

1 2 layer is distilled off under reduced pressures to obtain 

(325 the polymer having hydroxyl groups at both ends . Its 1 H 
M NMR analysis showed that the polymer contained, on an 

average, 1.66 hydroxyl groups per molecule. 

Reference Example 36 

30 The poly (n-butyl acrylate) having hydroxyl groups at 

both ends as obtained in Example 26 is thoroughly mixed 
with a t r i f unct iona 1 isocyanate compound (Ipposha Yushi T s 
B-45). The mixing ratio is such that the mole ratio 
between the hydroxyl group of the polymer and the 

35 isocyanate of the isocyanate compound amounted to 1/3. 

This mixture is degassed under reduced pressure, and cured 
by heating at 100 for 24 hours. A portion of the cured 
product obtained is immersed in toluene for 24 hours. The 
gel fraction is 97% as determined based on the change in 

40 weight before and after immersion. 
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